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area is used. through n new 
Present roadways, arcading Sidewalks, double-decking arterial routes, and 
placing” the « electric railways underground are among the proposals ‘made, 
& Enormous expense would attend the execution of any of these plans. While — 


cannot’ be deni ed that “substantial ber nefits 1 would result, it is extremely 


doubtful whether permanent relief from traffic congestion would be attained. 
+ Experience has shown ‘in a number of instances that new | streets eut through © * 


to relieve overcrowding on older streets soon become congested themselves, 
without any marked diminution. ‘of traffic on the: other streets. It “seems, 
therefore, that the problem might well be approached from a ‘different angle. 


stimulating the 1 more intensive use of present streets, a far larger ‘volume 


This. paper shows that, present general practice of u using space 


M for the storage of sit automobiles is in reality neither a convenience to 7, 
the automobilists nor a benefit to. the merchant. The elimination of parking 
in congested districts would greatly i increase the > roadway a available for moving © 


tie use of attractive common carrier : vehicles can be developed to 
a large. part. of the. traffic now requiring single passenger or two- 
passenger ‘vehicles. "material: reduction in 1 congestion will ‘thereby be 


- effected v without excessive cost. The movement of all traffic will be facilitated 
a degree will, be advantageous to the users of public and con- 


The congestion of traffic i in the streets of the business districts of practi- 


ala 


-eally all large ‘American cities has become acute. The problem thus created 


NOTE. —This| paper is issued before the date set for presentation and discussion. Cor- 
respondence is invited and may be sent by mail to the Secretary. Discussion on the paper 
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plans for the relief of traffic congestion are based on the general theory 
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IN STREETS 
‘the transportation of passengers and of merchandise, 
and the movement of pedestrians. Particular interest attaches t to the subject 
passenger transportation, however, because it affects directly the comfort 
ofa larger number, of people than ‘either, of the, other phases 
Despite the present serious traffic congestion the actual” ‘capacity of exist- 
es ing streets fi s for t the transportation of of f passengers has | by no means been mn reached. 
Kea _ The volume of traffic: that can be. moved over a particular. rotite in a given 


; Va time depends o on the effective size of the existing roadway and the efficiency 
with | which the available space is’ utilized. Broadly ‘speaking, both can be 


increased with comparative ease, To accomplish this, all of the roadway of 

Bess: important arteries should be made. available for moving vehicles and should | 


put to the most intensive possible 1 use, In the most efficient | 


‘ abe By the elimination of automobile parking, the effective . width of existing» 


Streets ca an. be e increased for moving t traffic 30 to’ 00 cent. recent 


area in n congested districts was reserved for automobile parking, In other 


where. the streets are narrower, an an even. larger proportion of the road- 


way is used for parking., Often parking is permitted-on both sides of streets: 


- width of 60 ‘ft. or. less Deducting two 


ing one stream of traffic in each 
all practical purposes, (50% the street is’ being used for 
‘guna Ow one-way streets it happens not infréquently that’ ‘there: is room 
foro or 7 a single : stream of moving traffic between the lines of parked vehicles. 


alae ‘such conditions, the area devoted to parking would approximate two- 


thirds'of the total. vawbaor ent blue b bateogrtoo 


The use of the ‘public streéts for the storage of ‘private | is toler- 
ated largely because of an exaggerated idea o of their ‘importance in’ the gen-— 
transportation plan: Traffic counts made in Yarious large cities, however, 


show that public transportation vehicles are carrying ‘upward ¢ of 75% of the 
total ‘traffic, although they constitute only ‘about 15% ‘of the ‘total number of 


vehicles. check made of 13 leading stores s in New York during a b “busy 

showed that o of 35 252 customers only 818 came by private auto- 


mobile or taxicab. The. others | came by street c car, subway, or bus. To the 


a _users of public transportation agencies, who thus greatly outnumber the users 


yances, relief from ‘congestion by, the elimination, of 
would be a great boon. For example, one of the effects of the, passage o of a 
TO). aeuoath 198 Ot 37 
no-parking regulation in the down- town section’ of Pittsburgh, Pa., yi “was to 
a reduce by several ‘minutes the running time of street cars ‘through this area. 
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ROVING PASSENGER ‘TRANSPORTATION IN STREE 


Opposition to an absolute ban.on. parking on. a. 
likely to,be, made by retail, merchants whose. stores are located there. Usually 


volume of b usiness is ‘approsimat tely 4 of that in 1944. 


= 


umber of cars) Average decrease in time, 
Loop Number. uring maximum hour.) in minutes and seconds. 


< 


of 1- parking would ‘accommodate’ ‘about 50 customers 

| the For.a retail store, with a-frontage of 100 £t. on an important’ street 

“this number of customers would be a comparatively unimportant part. of 

the daily Analysis thus confirms the census taken in the New/York 
= stores, alten already mentioned, showing that the number of ct customers» arriving z 

automobile was 0 nly as small mall fraction of the total... 


‘Moreover, from the point of view ow of general traffic congestion, 1- hour one 


| of this kind a1 are far more | difficult ‘of enforcement t.than an 


The capacity of a street for moving : vehicles 1 suffers a continuous redu 


. a tion on account of the limited parking and there is also the added me ahs 
to automobiles pulling i into and out from the curb line. 


} 
districts is likely to. sldSesinom rather injure it. t. After the enactine 
a of the no-parking ordinances in Pittsburgh, already mentioned, retail trade 
in the down-town district showed an in comparison with that of the 
outlying commercial centers. een ‘increase of A, # | th? rome 


Experience of. of the buying th of the Pitts- 
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IMPROVIN 


Industrial depression caused the ‘slight decrease in these figures for 1925 
as ; compared w ith 1924. It is significant, however, that the retail sales for the — 
entire district showed a” decrease of 2.80% for the year, ‘whereas: the ‘down- 


wn sales ecreas ‘only per cen ‘This ndication at the own 
les dex sed ly 08 t. This indi t that the to 


ae 


< business suffered less than that in the outlying sections appears to refute com- 


pletely the claim that parking restrictions injure retail trade. 


Three m months ending in district retail in down-town 


retail sales. — 


ips o Effects of Congestion. —In a large number of cases analysis would undoubt- 


edly show that: the volume of trade in down-town stores has not kept pace 
i: n recent t years with the development of a community. The 1924 population | 
oe a ‘certain district, including a city of about 500 000 people, with perhaps 


_ 250000 more in the adjacent suburban territory, represented nearly 130% of | 


he 1914 figure’ (Fig. 1). Meanwhile, the wages 8 received by the average indi- 


. @- vidual had increased to approximately 205% of those received i in 1914. it ‘Thus, 

total purchasing power of the district 4 jn 1924 was 266. 5% of dit before 
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only 240% that 10 years earlier. it will be seen that the 
retail trade in the down-town section lagged considerably behind the 
crease in the ‘purchasing ‘power (Fig. 1). On the other hand, in the case 

om particular high-grade store, | about 3 miles from the business ¢ ter, the 


present volume of business is approximately 480% of. tha 


y 


lire B, 


| 
wes 


as an Index of of the increase 


that has occurred in the outlying commercial centers during the decade may 


be had from a . study of the locations of banks of deposit (Fig. 2). In — 
the number of such banks in ‘soos entire area was 49 as compared with 87 in ae 


a mile to 2 miles from the center showed an increase eof 4, as ‘did also the zone 
3 to 4 miles. A summary of this is given in Table 3. 


tad Figures of this kind do not show with mathematical accuracy y the com- ar 
‘parative. growth of business in the city center and suburban areas. Never- 


a is rarely opened in a purely 


wad NGER TRANSPORTATION IN STREETS 831 
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clearly: how-business has sprung up during the past ten 


TABLE. 8 — —Svuumary or Business InpicaTEeD” 


THE ‘Location | OF Banks OF IT. 


bia. (39 1924, Increase 


94 


Inside 1-mile zone 
eae Between 1 mile and 2 miles. 
" 7 Between 2 miles and 3 miles 
Between 3 miles and 4 miles 
_ Between 4 miles and 5 miles...... 
ve 5 miles 


7 


; congestion yn. undoub edly i is the most reason for 
this process of decentralization. Transportation in public conveyances has 
become ‘relatively slow and subject to irritating delays. «It isa task of con- 
siderable difficulty and ‘some danger to drive a : private e automobile in the down- 
town streets. As a result, people do their buying 1 near home, ‘This tendency 
will increase as congestion n increases. 1 etail merchants, A should 
; favor rather than oppose the elimination of parking on _ important streets. ce | 
Substitutes for Parking — —If the parking “private: the 
publie-streets do down town n is fo forbidden, a question arises as to what can be 
done with them. One : answer might be to provide parking spaces either ‘in 
the e centers of the blocks, which are usually not built ‘upon, or beneath some of 
the buildings, or in many sto storied garages. ‘The number of automo- 
‘piles wh ich-could t bet accommodated i in this way is more or less mane how- 
ond the charges : are likely to be rather high. 
New York, one large department ‘store provides storage space the 
- automobiles ‘of its customers and drivers to take the ‘vehicles to the garage and 
bring: them back when the owners are ready. In another city, a large depart- 
; “ment store has. arranged a a garage some b blocks from the business center 1 to 
ay aceommodate the automobiles of the customers. The patrons are carried from 
the’ garage to the store by bus. Obviously, ‘such remedies are applicable in 
only a few cases, as the smaller stores could not afford them. 
: ono'The establishment of parking s spaces on the outskirts of the city and ine | 
passengers down town ‘public conveyance isa: solution ‘that 
is being tried:in a number of cities. Several such parking spaces’ are oper- 
ated: by ‘hiladelphia Rapid Transit Company which carries. the ‘auto- 
-mobilists: from: the outlying sections into the business district: by: Craik A 
ae number of other electric railway companies’ have adopted similar ‘methods, 


for parking ‘to inelnde transportation: b back forth by 
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itvalso promotes the in the. congested 
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Advantage ‘of Buses. —The substitution “of. public transportation 


of fairly large carrying capacity ir in place of individual automobiles 
on tho. ‘average not more than two pers ns can be made advantageously 

many instances, For example, de luxe bus service often will prove an eatlsety ied 


acceptable for the use of numerous private automobile: s. In Wash- 
ington, D. C., the Cap ital Traction Company operates luxurious buses from es 
the high-class residential district on express schedules 


shopping centers of the city. ares are igher than on the street cars because 


of the superior facilities provided. ~The net transportation expense to the 


Oley’ ‘Chase resident by bus, however, is ‘smaller than when he uses iis’ own 


‘haseribanie” and with existing conditions of congestion the greater convenience 

of the bus service is marked. This service has proved 1 very popular, 


a _ Similar transportation facilities are provided i in Chicago, I, “4 between the 


pate 
‘Edgewater “Beach Hotel and the shopping district. “Although intended ed pri- 
marily for the guests of the hotel, hattetings: of this: de luxe bus service is not 


confined to them, but includes residents of the entire fashionable neighbor- 


ee 


mode of transportation than private automobiles or “taxicabs, but they 
greatly prestige to be seen ali 


$. 
"Beach bus ‘than. from a taxicab at twice that fore. 


TABLE 4, — AVERAGE Loapine OF PRivaTe as Stow 


Recent TRA RANSPORTATION 

tal 


toinsaid 


een MA of four 


general, use of such olleative transportation vehicles would far 


eet area would be he per as speed of 
stop” bus and the private automobile would be approximately the 
sate in the congested | district, ‘the use of the bus to replace the: automobile 


_ would double the efficiency with — the ee street area is utilized)" 
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yper- Traffic counts made in various cities show that private. automobiles carry an — 
uto- § average of less than 2 passengers per vehicle (see Table 4). This is equivalent i ss. 
to about sq. ft. or more of street area per passenger. A bus of 
fortabl d least 20. inc that (Gas 
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a MPROVING “TRANSPORTATION IN STREETS 


_ Theoretically, an even greater imerease in efficiency 1 atight: 
the substitution of the ‘electric rail car, requiring | only. 3.5 sq. ft. of 


¥ space per passenger carried, the private automobile, In ‘actual practice, 


és however, | it. is found that the character of the service ‘rendered by these, two 
ee modes of transporta ion is so different that it is impracticable to try to replace 5 


the automobile by the trolley. ell-operated bus service with ‘commodious 


AE vehicles, on the other hand, can be made an entirely acceptable substitute 
Inefficient.- —Most “wasteful of vehicles in passenger 
transportation is the taxicab. — Investigations made_ by the writer at various — 
locations in New ‘York ; indicate that the average load i is ‘only. 0.83 passenger. 


men Approximately the. taxicabs cruising without passengers; of 


_ those in use, however, many carried three and four passengers. As this vehicle 
occupies about 64 ft. of street area, the space required per ‘passenger carried 


is about 80 sq sq. ft. st ‘When it is realized that there are more than 17 000 taxicabs © 


in N ew York, and correspondingly large numbers i in cities, 

tance of this cause of congestion is evident. 


2 Central Business District 


New War and Navy Offices 


and War College 


Old Baseball Park 
Georgetown uber of pu 
bassy, Hotel and Apartment t 


Connecticut Avenue 


he 3.—TaxicaB MOVEMENTS DURING a TYPICAL IN WASHINGTON, D.C. 
of Taxicab Traffic. —Surprisingly enough, the greater part of 
‘the taxicab movements follow definite routes. In the transportation survey — 
of Washington, D. previously ‘mentioned, movements of $34 taxicabs oper- 

7 Bs ated by four taxicab companies were analyzed for 1 week day. The manifests — 
made out by the drivers. were abstracted to secure for each cab the origin — 


and of each trip, the time at which the trip was ‘commenced, and 


e the trip was completed. These data were then analyzed : as to the ; 
origin, point of destination, and time of day. od, 


i 


During this typical day, 7 924 taxicab movements were classified. Of this 
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trict, 400 trips, and Georgetown ‘and the business. district, 350° trips. 
Fig. 3 shows the number of taxicab movements on each of the 38 routes. . Onno 


_ other route in the entire city were there a: as many as 50 taxi mov movements s during — te a 


thes figures indicate that in Washington about five-eighths of the taxicab ; at 
movements are along certain definite routes. Substantially the same condi- 


no doubt in other cities. Why not replace these taxicab move- 
‘ments along definite routes by bus service requiring 16 ft. of street area per age ( 


& Obviously, it would not be feasible to try to replace entirely the taxicab — 
by the bus, any more than to try to ‘replace altogether the private automobile. — 


. It is clear, however, that $0 much of both of these kinds of traffic flow along 


a comparatively few main ‘routes, that a real oppor rtunity exists to ‘effect an 
important improvement in passenger transportation in con gested districts by 


~ 


a thus: using one vehicle of high carrying efficiency to perform the na now as 
being done by numerous smaller vehicles of low carrying « ficiency. 


‘The foregoiiig point to a possible solution of street ‘traffic 


problems by (1) the reduction or elimination of parking ; and (2) substi- 
a tution of buses in many instances in place of the extravagant private ‘auto- 
mobile, a nd the taxicab. Sue uch a solution would go far toward increasing 
“the efficiency of passenger transportation in city streets without i injury to the 
| “mercantile interests. It would possess the advantages of small cost 
rac 
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- ANALYSIS OF CONTINUOUS CONCRETE ARCH SYSTEMS 
A number of f methods varying greatly i in| the labor, involved and i in degree — 


accuracy have been proposed for the analysis of concrete arches that form 4 


series supported by elastic piers.. In general, the more accurate methods are 
uite laborious, and the, Approximate methods are quite easily applied 


information i is available as to the limits within, which suitably accurate results — 


ee ee be. obtained by. the ‘approximate methods, and it is hope d that # this, paper 


with, its discussion will. throw more. light. o on. this subject. 


iS) 


he writer “presents. herein. a simple. method, which he. believes. to. be 


new, for analyzing a- system _ composed of two arch spans . with. an elastic: 
: pier. tg This is an “application of a general method for analyzing | symmetrical 7 
statically indeterminate structures ‘ealled ‘the | “Verfahren der Belastungs- 


umordnung” several interesting exam of. which are given. by JW. 


Andrée It consists in. replacing a _ single. eccentric load by two pairs. 


symmetrically placed. loads” which the single load for their resultant. 
analysis of the structure under this. new loading is considerably. simpler 
_ because of t the symmetry, Advantage is. also, taken of the tr treatment of single 
arch 3 ribs given inthe writer's paper, “Design. of Symmetrical, Concrete 
with which the reader is tobe familias, and tables of 
influence- line ordinates are given which make the solution nm easy. By 
_ method it is possible to study readily the eff effect on the adjacent ‘spans 0 of the ' 
ia elasticity of one e pier and to determine the accuracy of approximate methods — 


‘ coe as. ‘In addition, , an n easily app lied approximate method i is given for r the analysis — 


— 


ms a system of any number of spans, which the writer believes to be : accurate — 


ugh for the majority of cases occurring in ‘practice. 


The | following analysis shows the effect of the elasticity | of a pier and the © 


ay) 


yielding of its foundation on the stresses in the adjacent arch ribs. The arch — 


are assumed to be similar and symmetrical. order to simplify the 
uations, the outer ends of the arch ribs are assumed to be fixe d bu at, if 


ends of the ribs a are tigidly attached to the ‘tog pier, 


which is fixed a against horizontal and vertical but 
The 


Nots.—wWritten discussion on this paper will be closed in September, 1926, When pal { 


closed, the paper, with discussion in full, will be published in Transactions. 


Cons. Engr, Milwaukee, Wis, tutes, 
“Das B-U. Verfahren,” by W. L. Andrée, R. Berlin, Germany. 
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ANALYSIS OF CONCRETE ARCH SYSTEMS 
fect of shortening of ithe te loading is not 0 as 
is is negligible i in all:cases.. A bending moment in an arch rib is considered 
o be positive when it causes compression at the top and, in the pier, when nm 

right-hand side. A horizontal thrust is. considered to be posi- 

tive when it. tends to shorten an arch rib cause a ‘displacement of the 

single concentrated | vertical load ‘one of the ribs ofa two- 
<i system, ‘as shown in ‘Fig. 1, will produce @ horizontal an d vertical thrust 

£ and a moment ¢ at each of the twd abutments and at the base of the pier, or 

8 a total of nine reactions the size of which cannot be determined by the three 

‘statical equations. The analysis can be greatly simplified by substituting for 

the single load two pairs of symmetrically placed loads which are equal to the a 

single load. This substitute loading is” shown in Fig. If the loading 
of ‘Case IL be superimposed o -on ‘that ‘of Case. ‘the loads on the right-hand 
span: are neutralized, and the:sum) of. those: on ‘tl the left: is: equal to P. The 

‘determination of the reactions” for the two cases taken separately quite 
simple, ‘and, if. combined, they will give the r reactions for the single load, P. aie 
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and thd Youd on the 1. equal vertical 
The we ertical ‘dist \\ oF “with both Joads 
the loads, both act downward and are equidistant. 


FY the center ‘line of the pier. From symmetry, the reactions atiA and Fare - 
the same. If the e shortening of the pier due to direct compression is is neglected > 


there is. no displacement, horizontal, vertical, or rotational, of the head of 
ly placed loads produce at the springing 


| 
ee 
rm 4 
ire 
tle a Sexy 
— 
Its 
| 
er 
i 
be 
| 
— 
vag 
— 
— 
— 
a. 
— 


=o the resultant being a thrust the axis of the pier. 
fatto at the end of each rib are chen the same as if the ribs were supported 

‘separately by rigid abutments. . The reaction for Case I can be found, there-- 
ite fore, by considering the rib, -A-B, to have fixed ends, and the following « equa- 


bar latirosia Ha = Hy ai awode es 


ba The solution of Case I can be effected by the methods given in the 
papery’ “Design of Symmetrical Conerete Arches”, to pre- 


For ‘the placed but oppositely directed. 


“The reactions The 


ve ertical reaction at the pier end of one ‘rib is equal and opposite to ‘that of 
ae the: other rib so that they balance each other. The horizontal thrusts and the — 
ae ‘moments, however, are exerted in the same direction from both ribs and they 


a horizontal and angular displacement of the head of the pier. From 


these considerations, the following are derived. 


ore 
Mp 


By adding together the reactions 

load of the general case | are re obtained : 


n the rib at the pier: the 
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ALYSIS OF CONCRETE ARCH sromes 


F FOR: Case IL 
ae II will be analyzed by considering first the pier base to be cut away 


. ‘ 
— foundation, leaving the two arch ribs acting as | a biesese beam fixed 


and the two reactions at the base of the pier, Mp’ and Which» will be 


ee applied a as loads. _— _ ‘The effects of these forces will be considered separately and 


> 


Effect of Loads Applied to Ribs, —The reaction at A and F and the 


‘shear B by the loads, , will first be considered. The two spans ; 


ve 
"the ten 


‘the: point, B, it will be seen that both tend to produce horizontal and angular ro ; 
_ displacements of the beam at B that are | equal in size and direction. Also, 
Ee ‘the load on the left side would produce a vertical displacement of B down- 
iy ward, and the load on the right side would produce an equal vertical displace- : 
“ment ‘Upward, The resultant vertical displecement of B with both loads act- = 


ing: is, ‘therefore, zero. Because of the symmetry, it will be sufficient to take 


one rib from 4 A to A, is entirely fixe while ae 


— 
— 
¥ 
— 
down from the center o ions at A and F, | 
— 
(1) — 
ted. | 
The — 
3 
— 
— 
hey — 
— 
— 
~ are acting as a single beam, as gbown in fio shown, 
(2) 
— 
— 
— 
—— 
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il 
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order to derive formulas for the integrals: for the pier, it has been 
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ribs and pier ‘are assumed to be 1 ft. thick in the direction normal 


plane of the rib. axis. | The base of the pier is fixed rigidly, as are the: outer 
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The of from Table of the writer’ paper previously mentioned, 


0. and the values | of Cu are taken from. Figs. 28 to 32+ of | the 
| The computation « of ‘Fp is given in Table an 7 


BLE 8. — COMPUTATION oF, H 


| 


i i 


moments and thrusts produced by Hp are found from: Equations: 
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i final results of this analysis are gi ven in Ta ble 12. ‘The Case I values 


are the same as those for the first example given in Table 11, Influence lines 


are plotted i in Figs. 18, 1 19, and 20. ed 
Example 1 —Approzimate M ethods —The arch system of Example will 


ny, be analyzed by a . simple approximate method, which appears to give results| 


that are reasonably close and | err on the side of safety. 


The effect on the arches of the elasticity of the pier is to permit the 


he arch ribs at the pier to move horizontally without vertical ‘movement. 
i. s decreases the horizontal thrust in the loaded span n by an amount, 4 H, 
and changes the bending moment by an ‘amount, 4 Hy. If H’ and Mo’ are 
the horizontal thrust and moment, respectively, at any point in the arch rib 


when its ends are fixed, the corresponding values with elastic supports will ~ 
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The reason for these ‘assumptions should be ‘Actually, the resultant 
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Values of 


REACTIONS AT FOOT OF PIER| | | 
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fa only the two-span system Tfana arch system 
obsisfed-bd 4 a number. of spans, and all ‘the piers but one were considered. ho, 


the previously presented could be used to determine th the 
effect of the ‘flexibility | of that on one pier on n the adjoining : spans, assuming that yO 
the outer ends of ‘the spans are fixed. it the approximate. method i is a 

enough to 0 determine the the effect 0 of this one pier, the assumptions on which it j is | 
based must be suitable for determining the ‘effect of the flexibility of an any 


other pier or r the simultaneous effect of the flexibility of all piers, provided, « of 


system, will have’ eame | of aqcuracy as the latter and that th the 


~ an a “df its suitability. % If ‘this is is true, it | provides a 1 simple 3 method 
limits within, which the “may he 


An approximate 


hike 


is ot neces- 


y that all shall be to. general formulas, 


in length of the span of the rib produced by a unit 

a th 

produced by a “unit of the horizontal thrust. 

“horizontal displacement of the left- hand 1 support of the arch rib 


produced by a1 a unit value of ‘the horizontal thrus 


for the arch rib with fixed ends. 


: horizontal thrust for : the are ri 
| 

His then the change in h sere cto the ast 
supports, the ‘change i in of the arch due to flexibility of of 


‘he sum of the displacements o of the: supports is, 


two quantities must be. the same, therefore, 
$.0 
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and, 
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thie 
Course. oe spans gfe aud tie Drovoruous piers are 
ip 
(ol 
| 
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for the analysis of systems of several spans will now 
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ANALYSIS or ARCH ‘SYSTEMS 


6 


of rib- ‘shortening due to thrus 


— 


P 


will now‘be determined . 


1 Loaded ‘Span 


at lo onlay odT ...8 alt aistdo of 


4 The displacement of the right end ‘of the rib of Span 1 will be Hs 6, due ae 
to ‘the yielding of its left-hand support, Ly, plus H, 6, , due to the shortening 


7 


The terms, and have | the meaning in regard to ‘Span 1 as 
: of the top of ‘Pier 1 produced by a 
then the yielding at L will also be equal to, 


of the pier same as ‘that ¢ of end of the 


arch rib 

(8,4 + - = = H 


of Transactions, Am, Am. Soe. C. E. 


fownd in the, he expression, _ 
— 
Verticn 
— 
— 
| 
— 
BY 7 
yi 


‘If an piers are identical, are all the | same, 


Combining Equations (41) to 18 a 


Loe 
H is unity, 


_ These can be used to analyze a system em of | iad number of 
Starting the left abutment, the values of , are computed 
until the loaded span is reached. The same procedure is be followed from 


right abutment to obtain the value of The value: of H is then 


mined and the thrusts in the unloaded spans are computed neneepively hack 


The value of 5p, i is derived as follows : The forces: acting on the pier are 


shown in Fig. 22. (H — _H J= 4 ‘the moment at any section of the 


The. displacement of the pier- -head will be (considering also: the elasticity 


is ty be, My uy 


+ 


‘ 


> 
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After, the horizontal, been obtained, the, moments are 


tose 


le 

reactions are | ‘assumed to the | 8 ribs, 


<= 


| 


Application to Two-Span’ System.—Applying the general formulas to the 
span example with a‘ load on the: right: hand ¢ 


1 ing 


2 


tra 


¢ 


. As the right support of the loaded span is fixed, . olqaa 


2 


umerical Ezample— —The general method will now be applied ‘to 0.8 a system 


of seven spans having ribs and. piers the same as those of, Example II;; All 


i Papers.) = ANALYSIS'OF CONCRETE ARCH SYSTEMS = | 
be eS n ound in the same manner as that used tor the solution of the two-span sys em: — 
— 
— 
row 
dy 
; 
| 
7 
- = 
— 
— 
tm 
4 
tm 
— 


are 


span will be Wk 


Tt was found t iat, 


Mas 


‘Then, 
= 0.2135 
= Ga = 0.2185 (2 974 + 0) = 636 
idenctopl, are alt 
— 0. 1828 
2 974 + 636 808 a 
8, = 0.1828 (2 974. + 636) = 660 


= 2974 4 660 4 808 
6, = 0.1820 (2 974 + 660) = 661 = symmetry) 


- H’—0308H' = 0.6020 


= H = 0.1820 x 0.629 H’ = 0.126 


‘ oli oF = 0.1828 Bix 0.426. = 0.088. \ 


this it is seen effect on the end span there 
were five spans in the system, the thrust in the center span when loaded | 7 

pane are computed ely Gack 


= 


‘et 


sideration of f more one ow eachéside of the Toaded span, ‘The value 


of 4H is. —0. 2995 H’ for the three-span system as against —0.176 H’ for 
the -span system, so that one. might expect the errors "introduced fer 
neglecting the effect of the rotation of the pier- “heads to ‘be greater! ‘It should 


be noted, however, that the thrust resisted by Bier ‘in the 


smaller than in the e latter. ‘There 
pi er in the former ‘ease and the “error ibe ‘proportional ‘to 
value of With ‘somewhat stiffer piers, the'valie of. 4 be 
anid the of ithe second span’ f fro 


om the loaded would also ‘be reduced: = 


— 
— 
— 
y 
4 r 
i 
4 
. 
“Saal 
| 


= 


> 


2 P or the ei end span loaded, ‘considering only one’ additional span, 4 a was 


ANALYSIS OF CONCRETE ARCH 


found to be — 0. 176 Considering two additional it would ‘be, odd 


the three- system: ‘analyzed ‘by Pichi regatding which he state 


that the effect of ‘rotation of ‘pier-Heads ‘could be neglected’ without serious 


error, othe value, of, pal -198. ar In the case of) the more’ flexible 


System, which he analyzed, 81.79.) In the writer’s Example I, the 


value owas: 0.628; tis In of ‘these: latter cases. 


for it would necessary to use a more. 


4 


accurate method, th both cases, the Pier bases. were considered fixed. The 


rotation of the pier about the base. does not introduce as great an error a as the 


bending of the pier itself, because the center, of rotation is farther from the 
end of the rib » and the, horizontal displacement, is proportionately larger. — 


if the effect, of rotation of the pier large 

— is not necessaril y an indication the approximate, 


here presented ‘is ‘not ‘suitable. This m method ‘might give 
results for a system with: tall stiff piers on frictionless hinges at the base, Ps 


although in that ¢ case the value of s would be equal to + oiten! 


to would 


oe 
Spproximan 


head 


™ The writer. believes that the data in Tables 1 to 6 make the application « off rd 


ceurate method ‘presented ‘herein for ‘the lanalysis of two-span arch 
ms so simple that the use of an approximate method i is unnecessary, ' “except at » {am 


for the preparation: of a preliminary design. . This, accurate method 
also provides an easy way to study the effect of the elasticity ofa single pier 
‘varying proportions so that the form: an; idea of ite: im- 


— 

The'conclusion drawn by the writer trom this 1s that for any system to which — 
= this approximate method is ‘applicable, it ‘is necessary to consider the effect 4 
__of only one span on/each side of the loaded) span, except: when the end span is 

iii 

| 
J 
— il 
— 
> 
ay — 
— 
| 

4 

| — 

SUINEC CICA tio size OL error quced. — 

ils to take into consideration the bending'moments produced In the arch 

s by the rotatidn of the pier- when (h — 8) is small, this rota- 

— 

| 
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eg ortance and may judge t the accuracy: of the approximate methods nin 
to systems of several spans. The influence which the. elasticity. of 
the, piers will have. ‘on the. design of the arch ribs will depend: on the relative 4 
Cc of live and, dead loads, as well as on the proportions of the piers | 
and ribs, so ‘that ‘the preliminary design will be largely a matter of judgment. 


_ A fixed- end, rib design may be ‘used as a basis and the thickness modified to 


suit the particular condition. orth ba ay - — ot 


As all arch- -rib design i is a matter of trial, the writer feels that the » methods: 

= of this paper and of the one previously published* are of ' great value, because 
permit a complete analysis to be made: without. designing. the rib in. each 
_-. It is merely necessary to establish the span, rise, and loading and select: 


table values of | m, N,I., and which then, fix all the characteristics of the 


ri The design is completed after its suitability, i is determined. , ‘This is. par-— 


in the case of “multiple- arch systems in, which the 
characteristics of a number of spans are involved. 


| 


The approximate ‘method: presented’ will probably ‘be sufficiently decurate 

a for most practical cases, but the designer should determine in each instance 7 
wae whether or not it is suitable. | The test suggested by the - writer, consisting of 
the computation of the value of should be helpful in ‘this respect 


properly The late number of variables involved br idge design 

makes it inadvisable to’ draw too definite conclusions, but the writer hopes 

that a. ‘discussion engineers who have had experience in ‘the design ‘of. 
‘multiple-span arch bridges will help to establish the’ limits within which the 


oft toiq odd to gaibaod 


5 Ee 1 an two spans when the piers are 
flexible, or there i is doubt as the sufficiency of t the approximate 
“method, the “writer would suggest the use of the method g given by Hardy, 


7. Cross, M. Am. Soe. ©. Et i in connection with one similar to” ‘that presented 

by J, Melan.t Professor Melan. gives a method of analysis. of single-span 

feel ribs with elastic supports and Professor Cross shows how to determine the 
elastic properties of the supports of any. rib ina series. of any number of 


spans. Using “the elastic characteristics | of. arch ribs as presented by the 1 


writer, these methods can be applied to obtain an accurate solution without 


unreasonable amount of labor. ofai odad 


For the ‘analysis o of three-span systems the writer has developed a means 


of design i in the same way as for two spans by the accurate method. This 
requires considerably more labor than the two-span solution, but is probably 


They writer is indebted to Mr. Ww. Fuller, of ‘the Esttedsion Division ob 


University of. Wisconsin, for. checking over the manuscript. at 


Am. Soc. C. E., Vol. P. ot eq egy 


* 3 “Plain and Reinforced Concrete Arches,” by J. “Melan, translated by D. B. Steinman, — 
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PROCEDURE OF ADJUSTING THE GREAT 


GIRCLE LINE THE RHUMB LINE“ 


‘By N. B. Swhirzer, ssoc. M. Am. Soo. C. 


2 


oe 


a = 


‘Technical literature on the various ‘branches ‘of surveying rich! ‘on mi'the 


the geodetic ‘problems’ of establishing various lines: on the earth’s 8 


are not and for’ the ‘field engineer to compile these for 


summarize e selectively for the ‘needs of field ¢ engineer, to supply 
and ‘simpler formulas giving ‘results well within the limits of admissible error, — 


Many boundary lines are e rhumb lines varying from the of latitude 


through the quadrant ‘until they merge into the m meridian. Ordinarily, s1 suc 
lines were first run by instruments with a solar attachment, or by the lndle, a | 
retracements for extreme accuracy aré now generally Tun by the engineer's 
transit. is2 To convert this great circle or transit line to ‘the rhumb line, or 


odromio: curve, a short practical method ‘been eeded. The of 


re 
itude positions. | These are by the use of the 


"governing railroad curves, with all “unnecessary refinements eliminated, 
being taken that the limit of error in the calculations would be 80 small that 


it: would not show in the field projections. “The formulas given contain all 


required i in: running a rh ul mb line b y the use of the transit | or ‘great circle” 
‘line: and. also for caloulating the longitude arcs of the eartl 


within n the limits of field « operation. “tone en bere 


“at 


ine 


National boundaries well as divisions ‘thereof, 


as minute as rae and city lots, in the e great majority of plc orig- 

inally surveyed a d marked. on the | ‘ground and their bearings atted on 
their Tespective maps, giving the courses as of record, ‘and referred to the 


Tit 


thumb line (loxodromic curve), “that i is, to a line making equal oblique. angles 


with all meridians. The final recorded plats of many railroads, canals, , high- 


ways, etc., are also thus given. Calculations for closures, areas, ete., are also 
sed on this curve ; and the surveyor or engineer, especially in cadastral — 

vork, is continually making his calculations on this line as a basis, One of ae 


the main reasons 


Norz.—Written on this paper will be closed in September, 
—. closed the paper, with discussion in full, will be eee 5313 be Transact 
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i of the ihren in wide use in former years and ‘the consequent formulas - 


nd tables adopted for proper reduction and calculations based on { this system. 
The first of these instruments for finding direction or bearing was the mag: 


netic: compass which ran. an ‘approximate até rhimib’ lind. ) About ‘the: hliddle of 
= the Nineteenth( Century,’ the: bola icompass ‘came ‘nit this was a vast 


= 


: 


improvement in accuracy ‘the needle compass and ran a ‘true 
curve. By the aid of these instruments practically all the cadastral sur- 


veys in the United ‘States 1 were made and recorded on the official or commer- 


a ars, of great vane, because 


magnetic, compass in. recording true earings and also. by) carelessness in in 


handling the solar compess, a review. of. early surveys often shows large errors 
closure or in: areas. This was, originally, not considered particularly, ¢ 
mental, on, account of. the small. ot lands, but as! values 


lishment of lost corners: of boundary lines demanded an exact | 
regards area. The result. was a proper legal and scientific treatment. of the 


naturally brought prominently to the front the improved engineer's. 


transit, railroad and other engineering work magnitude this instrument 
premacy 


is now. engineer's 
“transit, somulliesy runs exclusively. a great, circle line, and in, cadastral restora- 


tk this will have. to be referred to the, thumb line as originally run 


by, engineer or surveyor, who placed monuments, that must; ‘be restored in 


|. The, requirement to-day. is to Tun) a, great circle line with the engineer’s 4 


transit and.to transfer this line on the ground by means of offsets and proper 4 


intersection ‘angles to the survey which as 


latitude by the tangent or secant method, but there a are I 


= a thumb line from the parallel i in practice, and ‘the writer has been unable 


to find a general m ethod treating all positions or courses of this ine, and 


siti 


f use in field practice. The general rigid methods 7 
a, surveying for azimuth, with latitude and longitude known, are too involved f 
a rapidly moving field party. yale | phage lent dsiw 
it Bi < q , i i 
‘Leonard S. Smith, M. Am. Soc E. suggests the following: 


(hic da) = A K sin Z see. 
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‘mean latitude = 
= = latitude of a a known point; abutital edt 
ola = latitude of a second or unknown. point = 


longit unknown poin +- 


= azimuth 
K length, in of I joining the two ints; 
= of the earth’s meridian section; 
=. length of the normal, or radius of curvature of a <a 


tion perpendicular to the ‘meridian o: of the middle 


This is not exactly rigid, is | sufficiently ‘accurate 


‘most exacting field engineer. The n main trouble i is s that the geodesists have no 
_ wholly agreed on the form of the ear earth and give various values for its flatten 


Pa ing or ellipticity, an and, apparently, t! the arcs in the same latitude vary in different 
‘ 


longitudes, and conversely. "However, the ‘surveyor is not directly ‘interested 


in this question, as the magnitude of his operations will not be such as” to 


cause his work to be materially affected by these discrepancies. 


The tangent method of locating a parallel has its limitations. ~The mai 
objection @ against ‘it is that it departs from the parallel rapidly—as the 1 square er 


of distance—but for short lines it is good, ‘because of its freedom from 
complications. The secant ‘method i is accurate, but introduces ‘many unnec- 
re essary complications. — It is never tangent to the parallel, contact being de- 
ndent on accurate measurement and alignment; it is first south, then north, 


south again of the all in six miles, , and, likely to cause mis: 


takes in ‘the ‘setting of offsets, thus doubling « errors. The variation of lengths 


is of the offsets is difficult to remember and the general problem is more involved 


he variation of the t tangent meth here offered is practically the samy 


as ‘that used on railroa work. The only difference i is that instead of using 


ordinary functions of the r railroad curye, the latitude and radii 


the normals of the earth are ‘substituted. Basically, the parallel of dati- 


rude is taken. A -mile tangent is assumed ‘for a given latitude, and, the i inter- 


ection. angle calculate ne following equation: vf 
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; Havitig this’ the curvature or intersection angle for 6 miles and 
_ calculated: the offsets for each 3 mile (the first 3 miles of offsets are all that 


are required as s the offsets of the other 3 miles repeat in inverse ratio), | obta’ 
bet by an observation, pre ferably | ‘on Polari s, a true meridian. _ Then, commenc- 
at A, as in Fig. 1, turn an angle east. and run on a tangent with 


_ 


at 
Offsets as‘follows: 4 ‘mile, no offset mile, 1 link north to parallel; 1} miles, 


‘ 


“t py 


1,— PROJECTING A PARALLEL OF LATITUDE OR A RHUMB LINE FROM A “ 


2 links north; 2 miles, 4 links ‘north 24 miles, 6 links north; and at 3 miles, 
h to parallel oint, ‘turn a of fet 


the left and run on a tangent | 3 miles, setting the offsets in inverse order always ff tio 
north. ‘The next 3- mile point will be tangent to the parallel and will be. due of, 

Cast, the same as at the starting point, and a back-sight of one-half the inter- ane 

Section angle, or 2.4, will intersect the starting point, 6 miles westward. Re- 1h 

Ht peat this procedure indefinitely if it is required to prolong the parallel, or, as. a ss 

6 miles farther to 0. A great many of the old lines to be relocated ang 

on. ‘oth the plats as east or west, reality considerably 


from these cardinals. Manifestly, the intersection angles and of offsets of such 


dXsin (m ¢) Stained by the equation: larit 
4 
sf 
— 
— tudes 
| 
a 
— 
 Latit 
— 
— 
its 
= 


In Fie assume the. parallel to. be revolved about. B as an axis, 
the position, A’ B’ C’, and assume the course of A’ to be N. 
4 mean latitude will still be 43°, N., and, without involving | any excessive irreg ani 


the i intersection and. offsets: may be written : bo 


t 


PT 


ins 


this As sin bm) sin § = = intersection angle 


q 6 (1.0 01 x x tan 6) offsets Tinks from ‘tangent 

in which, = ‘course. of f line, Tatitude, D= = = distonce, in miles, ane 


mean latitude, and difference in longitude. by. ardi 
Table 1 for Latitudes 33° to ‘49°, giving offsets links, deflection angles, d 


: _ tangential angles, and difference of longitude for 6 miles for the given lati- 
tudes, will cover the latitude of the United States, ers. 


TABL E 1. —OFFSETS IN LINKs, DEFLECTION ANetus, 


difference 
longitud 
ho 


4 Latitude. 


Deflection | Tangential 


08" ge | 


(oh 
= 


pid’ 


ots tite 
By 


“ord 


Multiply offsets and angles by sine of course for rhumb line. wood 


Interpolation can easily be made for any of the functions given,. as they 


q vary, only. slightly. and a are smaller than the least, reading of, the, verniers of 
field instruments. ‘These functions, multiplied by the sine of the course of 
rhumb line of the same, latitude, will give the 
a tions, of that line. For. a long line the total curvature is equal to the sum 
of the intersection angles, which will restore at once the desired meridian 


and will enable the engineer, to check accidental or accumulated errors, by 


-sights or back azimuths are’ one-half the,sum, of the, intersection 
2 angles, or the sum of the tangential angles. A 6-mile tangent is assumed 


in this example for convenience, as its apex distance is small and is kept near — 

ts objective—the parallel or rhumb line—but a tangent of any ous len _ 
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or apsustiNe GREAT cTROLE LINE ) REUMB 


in able: 4 “Difference ‘of Longitude”, can be: rigidly cal- 


BC = aki of latitude, in 43° N., for: 19 miles. itade, 


“the C’ = ‘rhumb line (N. 47° ), in mean latitude 43° N,, for 12 


= intersection angles, tangents, 3 oth fr 


— Offsets from tangent to parallel, ‘in links = =,.1.01 tan 
oft to oburiial 19709 aps. 
Referring to the rhumb line: For aay TITA, ad 
freee tm tangent to ¢ to curve = am 6 01 X tan 


a Intersection angle. sin (tan X 5’.2). 
Total curvature of line = = intersection 
Ba ck-sights = = >} tangential angles. 


‘Length of 1° longitude = 69, 3 cos (statute miles). 

oa’ late (statute e miles) = = 69, 0569 — 0.3494 cos 2 & + 0.0007 « cos ve 

Long. (statute miles) = 69. 2816 cos — 0. 0584 cos 3 + 
i is very close for ¢ = = 49°; for 30°, u 180 the factor, 69.23. 

This formula i is also. true of difference for latitude, namely, longi- 


69. 2316 cos 0. 0584 cos d+ + 0. 


Inu using this formula, care should be taken with the signs ‘i the Stleeiten 7 
can be written for the ordinary field practice: Length of a degree in longi- — 
oe ie = 69.30514 cos ¢ = statute miles, for Latitude 49° N. and 69.23125 cos | 


miles) for Latitude 30° N. “Por latitudes, by inter- 
close approximation 
be secured, enough for any field use anf far within the least 


count of the field instrument. It will be » wise to check the longer formula by | 


wa, tie shorter one, as it i8:‘moreé or less involved. The latitude is not so ‘eat 


a ‘a as the values do not change rapidly; it can be taken from ‘a my go d map or 


by observation on nm Polaris ‘at the upper or lower piri: 
bs In presenting this problem, the main idea has been to ) simplify ‘CotipHieated — 
“i a ‘mathematical formulas and involved solutions. This is ‘exemplified in th hie équa- 


= for the ingle, tan 5/2; which eliminates’ the necessity 


| 


= 


— 
— on 
tris 
fiel 
his 
wil 
ap 
di 
th 
= 
4 
| 
& 
t 


il 

for solving the difference ¢ of longitude. This study i is confined to a tangent 

ae «6b miles, which i is ; naturally the most convenient one to use and is rigid up to as 
cal- * latitude, where it varies only 2” in aren TACK A 


The main appeal of this method i is to the field engineer who will probably 
something for which he has been looking. A search through engi- 
, 12 neering or surveying literature 1 reveals apparently nothing bearing thy 
on 1 this subject, ‘except as previously. mentioned, “nor, of course, on the redue-- 
especially as it applies ‘to primary secondary t traverses and 

triangulations. The methods here described are too involved for the ordinary 
field surveyor’s u use and for engineering. which requires rapid progress 

_— with a minimum of office calculations, at the same time bringing t the field data in F 

. — be placed on the ground well below the least count ‘of the verniers, These 

calculations will do more than this, however, even if they are simplified as far a 
as possible. it might be well for the field engineer to ha have a copy of Fi Fig. line 

7 = lis field book, as a glance at it will show him just how: far he i is departing on 

“any transit line - from his objective - rhumb-line course, and consequently from — 

; _ his corner position. The course given as N. 47° E. at Latitude 43° N. in Fig. tt 


will show q@) just how much | the ¢ offsets and intersection ‘angles. vary from the | 


parallel to the meridian; (2) where they will be at a minimum and finally 
appear on the meridian ; and (8) are at a ‘maximum on the 


tance on the tangent and that ‘the are to 


L distance in any given latitude, and, the longer tangents that 

r ine. ihis is especia y important rom ace astra “stand point, as 
the: thumb: line is the Tegal line on which the corners: or monu 
sail ; ot In regard to the maximum error involved by the use of these short Senbeulen Ms 

4 fo or field “purposes in preference to the more extended and laborious methods, ex 
is well to remember the rigid id geodetic c calculations | are based on a 
5 

theoretic ellipsoid of revolution which, of course, closely approximates the eal 

of the earth. ‘The writer’s | is a thumb line which will + 

limits are from the Equator to 60 latitude. comparison of the 
liy 2 mulas given herein with those developed by the rigid theoretic ellipsoid of a ia 
it oe revolution, shows a maximum error well within 1” of are for a rhumb line of _ 

miles. ‘This is a fairly long line for re ‘survey work between known orig: 
me ‘tinal corners, for original work between monuments established t by astronomical — 
ted determination, or, again, for. other work before check azimuth determinations 
made. 70° latitude this error is about of arc. As the engineer's 


: that few lines of any | length projected ¢ on the earth’s surface actually. are kept t Be 


within the limit of even 1" of are on account of physical conditions, the cealeu- 
lations are far more exact than field can 


: Berit seldom reads to less than single minutes of are and as it j is ‘known ~ 
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_ DEVELOPMENT OF INDUSTRIAL SITES AND TRACKAGE 


LAYOUTS AT KANS AS CITY, KANSAS AND» iy 
LOS ANGELES, CALIFORNIA, BY THE 
ONTON PACIFIC SYSTEM" 


net 


(it 


ntl deseri ptions of the Fairfax Indus- 
‘trial District at Ka nsas ‘City, Kans. , of the eastern terminals: of ‘the 


Union Pacific System, and of the industrial districts at Angeles, Calif. 


of the western terminals of the ‘Sy: Fe 


vitizog 9 tit 
With on keen competition which enters into the business of the: railway 

transportation systems of the country generally, and, more particularly, with 
the recent t competition of motor vehicles, the railroad companies of the United — 


os States have recognized | the necessity of providing ‘suitable trackage for various 


a 


tions, to enable. the industeics to handle transported i in 1 carloads 
with the least possible delay and at the least expense. We 


oe In line with this progressive . policy, the Union Pacific System. hes encour- 
aged ‘the establishment of industrial trackage. At Kansas City and Los 
; an Angeles, : as here described, it has invested i in large a areas of land contiguous to 


its railroad, _and has planned thereon 1a system a ‘trackage to accommodate 


tiseols Om, Kans, to bioen ilfa 
With the development of Kansas it has been apparent for some time 
that an industrial district should be added to the city, as well as districts for 
residences, ‘retail business, and manufacturing of certain classes. With this 


= me end in view, the Union Pacific System, in line with its policy to aid i in the 


"development of worthy institutions within its jurisdiction, in c¢o- operation 


other enterprises, has established the Fairfax. District, at 
Kansas City, Kans. map (Fig. 1), shows its location north and. east. of 


east. 


ae the city, on & tract of land which many years ago was built up by the gation 


of the Missouri River i in depositing sands i in what ‘was formerly the old chan-— 7 
Fi ig. 1 baying how, well the various tracts that have been laid out 


tone 


Nors.—Written discussion on this. paper will be closed with the September, 1926, 
_ Proceedings. ny _ When finally closed, the paper, with discussion in full, will be published in 


bd Presented at ott the Division, Salt Lake City, Utah, July 
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DEVELOPMENT OF ‘INDUSTRIAL SITES 


. 
velopment “has a number of 


(a) The area ‘to be used for 
(bd) The area to be 1 used for right of way of spur- tracks, ap ‘proximately, 


cn mad in th of 


include such sep- 


wie 600 ft. iy more or less. The lots are to be 100 ft. wide; = 
tries requiring more space can occupy than one lot. 


wea Fif th. —Arrangements have been made for water supply ‘and drainage. A 
earth, with 1 rip-rap when necessary, been ‘thrown | ‘up to > protect 
District from any encroachment by the rivers. This. dike w “was constructed 


a —It is proposed | to sell industrial sites on time contracts ‘if desired, 


= but. more favorable terms can no doubt be made with the o owners: by cash | 


e population ‘of Greater Kansas City, including Kanéas: City, “Kans, 
was reported in the Census for 1920 as 440 000. Phere has” been a steady, 


‘the Union ‘Pacific System purchased ownership in 


Los Angeles and Salt Lake Railroad in 1921 and ‘made Los Angeles one 0 
its western terminals, intensive study was made of Los Angeles and its envi- 
ronments as a manufacturing and distributing center In the preceding 
decade the city had made rapid strides industrially.  Construetion of 
character incident at to the 1 rapid increase in population in all 
fornia gave impetus to this movement. _The improvement | 


‘Harbor from: a “ “mud flat” to a harbor of “Major proportions, and the subse- 
quent development. of trans- -Pacifie and trans -Atlantie as well as intercoastal 
and coastal shipping gave further impetus, 
re. ‘Study of the existing industrial situation indicated 
pally on lands immediately abutting existing rail lines: and gradually spread-— 


we 


Pata ing in all directions from the business center of the city. PI 
that, in a short time, this character of development would bring about two 


vs areas; ;and, second, industrial areas suitable for rail facilities 3 would soon % 


‘First, the industrial ‘district would be scattered over 
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(ENT OF INDUSTRIAL SITES 


Sa The needs of the local situation were resolved into four. classes 


developments by the Union stem ma 


First.—There was need of clove-i property susceptible of improvement 


4 by rail facilities and within ‘short truck haul of f the central business distric 7 


qe 


for ‘the location of industries the character of whose business, such as warehous- 


and light manufacturing, will bear the overhead o of valuable realty 
the type of | building: construction required by fire protection ordinances for 
down-to -town business districts. Suel was to be subdivided | to 


vide for the warehouse type construction. Lots were to be varied in width: 


100 ft. to a ‘maximum: of 150 ft., with bhiske: in 80 far as other govern- 


ing conditions would permit, h: having a minimum of 6 600 a max 


_ The matter of industrial spurs was given careful Pass . The first demand < 


prs aAnt 


of ‘the | average industry is for an individual : spur- -track. 4 An | attempt was made 
to meet this demand. It was determined, however, the inconvenience 


resulting industry on a service track is more than over- 
come by ‘the saving in valuable underlying | realty and a single ‘service spur 
to each su subdivided block was adopted. To reduce to a minimum the incon- a 
“vel enience to in dustries caused by moving. partly loaded or u nloaded cars to make 


- switches for another industry, a third track was designed to serve as a lead — 


- track, extending through to the block farthest removed from the holding yards. Ps 
To insure prompt _ deliveries and further facilitate switching, the industrial 


subdivision was provided with its own “holding yards of a capacity designed 


4 to meet the requirements of ‘the Itimate development o of ‘the tract. m the 
aw - Streets were laid out with a minimum width of 60 ft. and paved with “ae 
ote crete, with a center drain, The paving was constructed to a width of 20 », 

on each side of the center Tine, an additional 10 ft. o on each side between the a 


and the property line being left for improvement at. the option of 
_ industry with a sidewalk or a trucking. driveway. lon 
Tn accordance with city requirements, ‘sanitary ’ sewers were placed beneath 
center lines of streets, house ¢ connections being extended to each lot. City 4 


water lines 1 were laid i in one: » unpaved 10- ft. strip | and gas lines in the other. aM 
Lak. 
‘Telephone and electric light and power lines on construction were 


be located on the 10-ft. strips. s. Storm ‘sewers to m meet the needs of the situ- 


ation were constructed and connected | to existing « city lines or given their 
i own ‘separate discharge | into to the adjacent river bed. The property made -avail- 
able for sale to industries excluded track area, the Railroad Company 
ARN 


retaining ownership t to the tracks ¢ and realty underlying them. A develop- 
f ment of t this character i is shown on n Fig. 2, outlining the Union Pacific Metro- 


_ Second. —Other property must be reasonably close in but far enough re- 
moved from the ‘central business district to reduce the “cost” and relieve the 
‘elles of heavy carrying charges. OA lower grade of building construction 


ite 
pe: would be permissible. ‘This would serve for the location of a warehousing 


or mattufacturing requiring convenient close contact with the central 
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DEVELOPMENT OF INDUST AL 


t the greater overhead of high land 
ng construction, as well as for industries 
ing - somewhat larger areas and open .storage. 


ee. In planning» the ‘subdivision of this property, an effort was made to vary Bis } 


the width from about 210 ft. maximum to a minimum of 120 0 ft, with blocks | ; 

having a minimum length of 600 ft., and | subject to requirements f the 


conforming with existing dedicated streets. ‘The layout was so made, as” 
shown on Fig. 3. This subdivision is laid out with 60- -ft. _ streets, paved 


as described i in the preceding ¢ class, and i is also furnished 1 with sanitary aa 
torm sewers, high- pressure gas, city water, telephone, electric light, 


rie 


Ag ts 
and power service. Service tracks, intermediate lead tracks, and holding 


are designed substantially as described for the Metropolitan 
and Industrial District (Fig. 2), except that for this development the third, 


mt the 
‘intermediate, track was extended throughout the entire subdivision. 


tract covers an area 70 acres.’ An additional undeveloped : area of ‘about 


oe acres, immediately adjacent to the ch on the east, is held to protect 


Third.—2 —Another class comprised property carrying 


well removed from the wholesale and retail | business center, suited for the 


development of a class of industry requiring acreage, or for 
tries covering ‘small areas but i in their early stages unable to ‘sustain 


74 


overhead of the more expensive property in the preceding classes. 


i selecting these locations, attention w: was given to direct and adequate . 
highway to the city and to surrounding towns, but of 
: order to secure cheap land, ¢ 


heart the business district. 


nts ‘were held 


limits, are ‘at “this” time without sanitary sewers. ‘Tt is 
esspools will take ‘care of this feature until the of projectec 
county facilities affords better disposition. V Water will be furnished in 
The | subdivision as. | designed will provide, on ‘about one- -half the area, for — ay 
“ots varying in _ width from 150 to 300 ft. ; the lengths of blocks, in so far — | 
as conforming with orderly development, varying from a 1 minimum ¢ of 800 ‘ft. é 
_ to a maximum of 1 1200 ft. Streets 1 were designed with ¢ a minimum width of ‘ 
ft. Where : central street. may be | used as the - main artery of trucking, 
fo: r entrance and departure, an 80-ft. width is assigned. About one-half of 
each subdivision is | allowed to remain without projected : street and trackage 
development. This will later accommodate the large manu 
developmen ater accommo e larg ufacturing or asse 
bling plant | requiring acreage, it being contemplated that development. would 


trackage, a 17-ft. right of way is withheld between each 
street and a lead track constructed thereon. It is expected that ‘owners will 


~ their own spur-tracks to be located on their own right of way. Street 


paving, as of a 24- ft. strip of concrete paving in th center 
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‘Papers:] Water DEVELOPMENT OF INDUSTRIAL SITES 
ers. 
wi 
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the street reservation. Industries may, at t the paving 
ins are available within } 


"reasonable distance. “It sing necessary later to construct service mains 


aid 


on each street. In order to I hold the price down, this facility i is not now so con- 


veniently accessible to the « owner. Electric. power and light, and telephone 


Fourth— Union Pacific System acquired with the Los Angeles and 


Salt Lake Railroad property, . large acreage of land at Los. Angeles Harbor, 


of which has a direct water frontage, the larger portion, however, being ; 
De potential industrial land immediately back of this. This. property, as yet 


almost undeveloped, i is held for warehousing, light ‘manufacturing, and ¢ acreage + 
industrial purposes. illustration of what may be termed “typical water- 
front development design”, combined with the subdivision of the supporting 


= _ back area for warehousing and light manufacturing purposes, is 3 represented 2 


‘The establishment of these industrial layouts” will undoubtedly the 
2 Union P Pacific System, it ina large measure, to keep its transportation facilities 


abreast of the development i seid cities in whi ch they are located, and con- 
in these cities. 
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THE WORK OF THE QUEBEC STREAMS) COMMISSION* 


‘The Quebec Streams Commission ‘is a sked by numero 


sto rs. Thi is. “tha? intention, in this paper, 
answer these. questions in a general’ oT 


1910, ‘there were practically ‘no data’ regarding the attekins 


‘Province, except that | on height of rapids and falls and flow measurements Ri 
undertaken by private companies, the latter being limited to a very few streams, \ te 


1910 it was felt that something should be done to determine the value 
} of ca emit sites which the Province held for lease. The value of the 


"property the Government was leasing should be known before disposing of it. ho =: 


Other information regarding streams in the Province ‘was also. desirable, and 


as it was felt that this work could be carried out best by a Commission, The 


Quebec Streams Commission was instituted by. the Act 5, 


1910. By this Act the Commission is s authorized: 


y the preser- 


_ vation and management o of running waters in the Province of Quebec. aster 


2—To study the question whether the’ ‘laws of the Province governing an 


as regards floating of timber, the flow, drawing off, disposal, 


tribution, storage of water, ought to be amended. 


make’ any suggestion tending» to the adoption of practical rules 
adapted to Protect the forests of this Province belonging to the ‘Crown or to 
private: persons, “and to encourage and facilitate utilization of water 


fi “powers, while the interests of of industrial pursuits, 
BW 


or floatable, by administrative or otherwise, 


to uniform rules, and to submit such rules, if it be advisable. rath 


ot —To ‘make any ‘inspection ‘and examinations of the lakes, rivers, ponds, — 
“ crecks, and watercourses in this Province, which it may think necessary. iat 


6.—The Commission shall proceed with all possible diligence to carry” ret 


2 the purposes for which it is constituted. — In matters not provided for by this hee 


iti he 
et, it shall be guided by instructions from the Lieutenant- Governor in 
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WORK OF QUEBEC STREAMS. ‘COMMISSION 


ae 2 .—The Commission shall report to the Lieutenant- Governor in Council as | 


én 
its researches, as well as its recommendations and suggestions. This 1 report, 


shall be laid before the Legislature the first of the next 


Members of the Commission, however, were appointed until Decem- 


1911, was s the good fortune of the. Government to appoint as the first 


irman “of the Commission, | the N. Parent, who had previously 


been Prime Minister of the Province of Quebec, a man of great business. 
% ability, who realized fully the responsibility of t the task: which was entrusted 


he q to him and his associates. He was ably assisted ‘in his work by two ‘engineers, 
Bishop, Am. Soe. E. and the’ late Mr. ‘Bélanger, 


present Commission hak at its head. the Hon. J J. Tessier, Arthur 
Amos, Chief of the. Hydraulic Service, Department of “Lands end: ‘Forests, 
and, s. F. Rutherford, Engineer. The Commission. commenced. its in 


aod has issued annual reports giving details of its 


In 1912, the Commission was in the organization stage and made, numerous 


investigations to conditions of different (streams, more particularly flood 
Jae difficulties, and the storage possibility on the St. 


‘ie In 1913, ‘the, Commission’s work was, becoming quite important, and an 


Engineering Sta was -_appointe with | t writer as its. Chief 
Immediately, “systematic flow _measuremen of the principal, streams 0 


Province were organized, together with the collection of more 


to soubrorT SmEAM MEASUREMENTS _ bre. 


In 1918, systematic organization for flow. measurements. was. initiated. 


On the principal st streams ‘gauges were established land, tead daily, sometimes 


number of investigated, have increased from to year and date. 
- are now available for nearly all the principal, streams, of the Province. Since 
‘ah 1922, the work of stream measurement has been | carried out by the Dominion i 
Water Power Branch, Department of. the Interior, Léo. G. Denis; District 
Engineer, with headquarters. in. Montreal. This was.made_ possible! 
an agreement with the Commission, whereby the r 


each other r, to the advantage of the Province. nimbs 40 
Data | on gauge heights are received: ‘monthly at the « office of, the- Commis: 


o~ Branch, which ‘supplies the Commission with the results’ of. pty apter- 


dings. hobiec o1g tom erottem al ai ti doidw pil! 
“Generally speaking, it. may. be. stated. that ‘the; average yearly run-off fi from 
i _— the streams is about 1.6 sec-ft. per sq. mile of drainage area. The ordinary 
maximum Tun-off occurs in the spring and varies from 6 to 10 sec-ft. 
the’ larger streams to 20 and 25 see-ft. the smaller stréams,” ‘the ratio. 
between minimum and, maximum flow. being about. Ate 26. minimum 
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pers. Papers.) K OF QUEBEC STREAMS COMME SION 

il as flow takes: in winter, usually in_ ‘March, and reaches 0.25 to 0.40 sec- 
port per sq. mile of drainage area, depending on the characteristics of the. streams. — 
ses- Flood flows much larger than the maximum Just given have been recorded, 
especially during 1924, and the figures ‘which prevailed during” ‘this ‘period 
cem- 2, ' should be of interest. On the Ste. Anne de la Pérade River, a discharge of a 
first 43000 sec- ft. was recorded. at St. Alban ; the drainage area is 672 sq. ‘miles, * 
usly which is a rate of 64 sec-ft. per sq. mile. On the Ste. Anne de e Beaupré 
River, at ‘the Laurentian Power Company’s plant, where 
sted | _ is 400 sq. miles, the discharge was 32 000 sec-ft., or 80 sec- -ft. per sq. mile. 5 At oa 
eers, Lake Kenogami, ir ‘in the Saguenay District, the ‘run-off 20 sec-ft. per ‘sq. 
mile for a water-shed of 1400 sq. miles. 
The collection o of data regarding rainfall and temperature has: been fol- 


wed for a number of years, “For. the Cities of Montreal and Quebec, data 


are available from 1871 to date. 
i _ The 2 work: of collecting meteorological data has been initiated by the 


ite 
‘Meteorological Service of Canada, a branch of ‘the Department 


Marine and Fisheries of | Ottawa, with headquarters at ‘Toronto, the 


; % direction of Sir F rederick Stupart, who is known as the ‘Director ‘of Meteor- 
“ological Service of wd 


work, and suggested a large number of new stations. It has’ offered its full 
‘co-operation to the Federal Service. There are now 78 ‘stations throughout 


‘Province, where rainfall and temperature re recorded. The data 

‘sent monthly to the Commission and transmitted to the Federal Office. This — 
a information is | tabulated and put in proper form for distribution to engineers. 


‘The Provincial Government, throu gh the Department of Lands and “Forests, 


pays, the observers, and many stations are in charge of power companies a 

com firms, the co- operation of which is greatly ‘apprecia ed. T 


Streams supervises the collection of this inform ation and ‘ollows 


_—_ elosely the work of the | observers who are being impressed with its value and 
impor ance of recording it properly, 


Pr It may be of interest to state that the average annual rainfall in the 
Province i is “about 36 in., including snow. The average snowfall is. about 


in., whieh is considered to be. equivalent to 10 in. of ty The 
_ off may be assumed as averaging 50% ‘of the ‘rainfall. This percentage may 
reach 70 in very wet years and 35 to 40 in ‘dry years. 
Great difficulty is experienced in having the snowfall ‘properly recorded. 


best method is to have a small platform laid in the | 


a ways possible, and, i in | many instances, th 
when the snowfall is accompanied by wi © gets 


“a 


The Quebee Streams Commission has investigated, for 
Ps of Lands and Forests, a great number of water power sites-covering all dis- 


tricts in the Province, from Abitibi in the northwest, to the Gaspé Peninsula 
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WORK OF QUEBEC ‘STREAMS COMMISSION [P ‘ape 
_ in > Gulf « of St. Lawrence, including the lower sections of the streams on 
_ the north shore of the River. St. Lawrence. | _ Numerous surveys and plans 


_ have: been made © of the power sites on the principal streams, namely, the — 
n the ‘Ottawa ‘District, the: St. Maurice St. ‘Francis 


streams of the north shore. od In other ‘cases, only have 


th every instance, a plan for the proper development was submitted with 


an estimate of the power available and the cost. This 


FREI 


ince. ‘That is an error. The Commission investigates | value ‘of pawer 


ae ‘it does not negotiate for the lease of such sites. Its” report is biel 
in the hands of the Minister of Lands and Forests, and the Hydraulic Service ; 
is the body through which one must negotiate ‘the acquisition of 


July 192 the Commission h has spent $646 942.11 11 for these inves: 
tigations: and ‘studies. A large part of this sum will eventuall y be refunded 
oy the parties leasing power ‘sites. A clause of the e lease stipulates that the 
THO 
money spent by the Commission for surveys, -plans, etc., must be refunded. = 
“special problems regarding extraordinary conditions on | any river have 


_ been referred to the Commission for investigation and report, such, for ex- a 
- ample as the great floods on the Chaudiére River, and their possible prevention. a 

_ The principal | work of the Commission, however, is. the construction of 


: storage reservoirs, in order to regulate the flow of streams. A system of storage 


been constructed ‘the following streams: he St. M 

rancis_ River on the south ‘shore, that section known as the Eastern 


the Ste. de Beaupré River; the Mitis River and, Take 

-Kenogami. Storage propositions have een investigated and authorized on 


i 2 er streams, such as the North River, north of Montreal, River du Loup " 


Maurice River; 3 the 


(upper), and the Ste. Anne la Pérade > River, but. no work has been ¢ com- 


Although the ct appointing the Commission gives that body. authority 

ODE 


> investigate conditions on any of the streams, a Special Act | of the Legis- = | 


ae _ lature has to be pasyed: giving the Commission the authority to construct dams 


and regulate the: flow of certain streams and tributaries. ‘> separate Act 


ts has to be passed for each individual p lan. Such an Act gives the Commission 7 
authority, subject. to approval by Lieutenant- Governor in Council, 
struct dams, acquire existing dams necessary for ‘its work, buy all lands to 
Wee be flooded, either by mutual agreement or by expropriation, to build new 


roads, if required, and to replace flooded highways. ra To p pay the cost of all _ 
these works, the Provincial Treasurer i is authorized to supply the Commission 


with the necessary funds, ' the total amount not to exceed a figure oe 
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OF QUEBEC | STREAMS COMMISSION 


ese Acts are pr ctially worded in the sam same way, 


any storage is authorized by in 4 
Commission has to ‘supply the Government with a complete report 


40m 


‘relating to the proposed works, their estimated cost, the: likely to 


annual charge be agreed ta, ‘botween the parties who bind themselves = 


he No storage plan is undertaken until the Commission is assured of a yearly a 


-Teyenue sufficient to pay the interest charges, the sinking fund in thirty years, | 


ea the cost of operating and ‘maintaining the dams, plus a profit: whenever 


possible, which introduces the question of the determination of rates, ty 
previou usly stated, all “companies, , associations, — or persons benefiting 


from the storage works of th e Commission are call led upon to pay an annual 5 
charge proportionate to ‘the amount of benefits, derived. Ih many instances, 


the determination of this amount is quite a problem owing to. lack of infor 


mation on conditions prevailing before any storage. is undertaken. 


the « case of the St. Maurice River, complete w data were available 
fee fourteen years, , thanks t to the initiative of the Shawinigan Water and Power 


Company, and the benefits could be calculated exactly” at each power site. 
The usual procedure of the frequency curve was followed, and the additional 


power reduced to a basis of the horse-power year. 


& “For the St. Francis River, no flow data were available an and it was not ae 
sible, therefore, to establish with certainty the number of additional horse- 


power “years” each company could generate under the controlled conditions. 
Un was then ‘thought | that each company should be charged according to the 


a head u nder which its plant was operated. However, under the storage plan 


comprising two separate: reservoirs, all companies do ‘not receive the same 


Fi quantity of water, one of them being located b tween ‘the two. reservoirs od a 


getting water from the upper reservoir only. g 


Ano sther method, therefore, had to be a adopted. I dalled the “second: piss 
head” method, which has been ‘in use on the Wisconsin River. Multiplying 


the number cubic feet per second supplied at each plant by the head 
under which the water ‘tis , gives the “ “second-feet-head”. ~The annual 


charge 1 which is intended to be levied is divided proportionately to the e number — 


ue “second- feet -head”. On ‘the St. Francis River, the rate i is $0. 50. per sec-ft.- ry 
head. On the’ St. “Maurice ‘River, when new power sites | are “developed, the 


owners have: pay for the storage, this means added revenue ‘to the 
Commission. y Th the case of 1 the St. Francis River, the 1 rate may be revised 


= five years, if new developments” are carried out, cand 


4 
ould ‘then enjoy a ‘reduction. 


On the streams, the ‘of’ the are limited to leis? 


of the capital cost, and any new development ‘means a | teduetion 
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‘Gouin Dam. Dam, shown Fig. 1, is on the St. River, 240 


= miles from the e mouth. The dam | permits. a total control of the water supplied — a 


by the drainage area of 3 660 sq. miles. A series of large lakes, at different 
- levels, have been combined into one lake forming a reservoir of a total capacity 3 
i" of 1 160 000 000 000 eu. ft., or 572 25 sq. mile-ft. _ The dam, which is of the | j 


gravity section n type, , was, completed i in December, 1917, and has been operated 
i t t 


ee 3 since the beginning of 1918. The stored water = used to regulate he minimum — 
i, flow of the St. Maurice River, at Shawinigan. When the dam ‘was built, the | 


minimum guaranteed to the power companies ‘was 12 000 sec- ft. last 
three years, the minimum flow has been held to 16 000 sec- ft. 
Under natural conditions the minimum fk 


was about 6 000 sec-ft. It is. seen, therefore, that the power of the 
_ hydro- electric plants on the St. ‘Maurice River has been i inereased_ in the 


ratio of 6 to 16, or by 166 per cent. ‘The ec cost ‘of this plan was $2 500 000, and 


e annual revenue therefrom is $234 000, 


ratio of low-water to high-w ater flow at Shawinigan, under natural 


ee conditions, was 1 to 26, and v under regulated conditions, » is I 1 to 10. _ During 4 


fa high-water periods the storage dam i is complete y closed, and | water is ‘supplied 


to hold the minimum required. at Shawinigan. — All power sites between the 


and tl the e regulating point ; have a minimum flow which is variable, depend- — 
: ing on the storage required at Shawinigan’ Ts The power site near the dam 

loses its practical v alue, as no water is available when the dam is closed. At be 


au high water at flood times i is now practically no flow, as 


de. by Fig. 2 St. Maurice River, under regulated ‘conditions, 


affor ds power possibilities of more than 1000 000 h.p., which is twice what it 


under natural conditions. The duration curves for flow at. Shawinigan 


pe St. Francis Storage — -At the head-waters of the St. Francis ] River, a storage — 
dam , called the “Allard Dam”, has been built and operated since 1918. ca 


a hollow concrete dam, built on a hardpan. foundation | with _ cut- t-off me q 
eneath a concrete floor- slab properly reinforced, which supports: “we series 3 of 


Piers, all connec a sloping deck slab. a 
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the minimum guaranteed by the the is only 600 sec- ft. “The 
released from Lake Aylmer is is 1 | 050 sec- -ft., although only 75 750 | sec 
in is: guaranteed by the Commission. & This means that the ‘minimum flow of 
the St. _ Francis River is increased | by 650 sec-ft., at every. point ¥ below ‘the 
dam. — The total cost of the storage on the St. Francis River was $750 000° 


the yearly revenue of the Commission is $70 000. i 
River ‘St. Anne (de Beaupré)-- —Two wooden dams have built on ‘the 


= St. Anne de Beaupré, at a cost of $344 000. The | two storage reservoirs, d 
namely, the ‘Lake Brailé and the Savane River, have a capacity of 12. and 


sq. -mile-fi -ft., respectively, which is sufficient to regulate the minimum flow of 


St. “Anne River at the Laurentian 1 Power Company’ plant, at St. Rerréol, 
260 sec- -ft. ‘revenue of th e Commission, from this storage, is $34 000 


lat 


DURATION 
THE FLOW AT 


jonas 
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a 


iver. -—On the Mitis River, the Commission has built a storage dam 
to aie the flow of the river to a minimum of 350 sec-ft. at the plant of 
Lower St. Power Company, at Mitis Falls. 


The: dam, stone-filled crib structure, has been completed at a abet t of 
about $120 000. ‘The cost_of clearing the flooded area and paying for land 


damages will bring the up to The 
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wit: lies at 510. It ha utlets; one at the Chicoutimi 


: 7 owing into the Saguenay, ‘at sea level, 18 miles distant. On this stream oe 
located ‘the plants of the: Chicoutimi Pulp Company. The other ‘outlet, the 


owns of Jonquiére and Kenogami to sea 


in the ‘Saguenay, 7 “miles from ‘the outlet. this stream are located 


wi DEC fa 
oth streams could be operated 
“full for only seven or of the year. i “With the addi- 


"tional: storage provided by the Commission; the plants can be operated at 
capacity for the entire year. The Chicoutimi Pulp Company’s plant has 
capacity of 300 tons of pulp per day, and all its, power 000° h. is gen- 


500 tons of paper per day, and only a small proportion of the power required e i 

derived from Lake Kenogami waters. . The cost of the Lake Kenogami 
will be about $4 000 000 and the revenue to the Commission, $320 000 yearly.» : 

4 The regu lated flow of Lake Kenogami is 1 800 sec- ft., which is distribu aif 


ever, is considerably | on Sundays, the water ound being 
ime the following week. Fig. 4 is a view of the dam at the Chicoutimi — 


Dax 


a 
-.. Summarizing, the Commission has spent to date for storage $7 500 000, 
from which it receives an annual i income of about $685 ee ae 


4 It has, no doubt, been noticed from the foregoing that the storage reser i 
voirs are operated under “two different methods. calls for 
ae minimum flow at a certain point, such as Shawinigan, in the case of the ot 


- Maurice River, and under ‘that method of control the storage dam is, at floo 
letely closed. 


times, comp oildua, Welostiaeo bas ex ass Yo 
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| 
A the year a determined minimum flow. This is the method onthe st. Fran- @ 
cig River and ‘on’ Lake Kenogami. In the latter case, the outlets from the 


is 
lake have no ‘drainage area and no other method of control could be 


0 satis- 


ry ‘question of which of the two methods is the better is one to be con- 3B 
‘oa on each stream. In the first instance, such as the ‘St. _ Maurice River, a 


the power sites lying in the vicinity of the storage ‘dams are greatly decreased 
in value, whereas those near ‘the controlling point are greatly enhanced 


and 


quantity of water ‘which ‘could. be drawn fromthe Government 
Reservoir on the St. “Maurice As it was, the districts\served by St. 
a or tyay the. Provincial Treas 
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the of ‘water; neither, did the 
Francis District. Ih, however, plants were closed, and. 


Although, the revenue, derived by the Commission is important, it is insig- 
nificant when compared with the adyantages which the . -Proyince at, large 
derives from these works. This ‘policy. will.1 be followed also for other streams 


we -ibbe ‘oft Yo arli 10 uno tot Hui 

ad ano APPENDIX oil) xd bobivorg ogerote 


BOT 8, GEORGE V, CHAPTER 


TO THE OF THE. Warens or. ‘LAKE assot Obs 


Whereas: the! Quebec Streams Commission recommends ‘the’ construction 
of works required for the storing of the; waters of lake Kenogami and its trib-. 
f lakes and rivers in order to better regulate the flow thereof; 

Whereas it is in the public interest to carry, out the said ‘recommendation, 

and to’grant the Commission the powers necessary for that purpose; 

Therefore His Majesty, with the advice and ¢onsent of” the: Tabiélative 


Council and of the Legislative Assembly: of Quebec, enacts as follows: DOTGIT) 


I- —The Quebec Streams Commission, ‘after having deposited in the: De- 
~ partment of Lands and Forests. all the plans and specifications necessary: to 
ie precisely indicate the work which it wishes to undertake under the authority of 
this act, and the probable cost thereof, may be authorized by the iakeaat 
sae Governor i in Council to do the work necessary for the erection of storage dams _ 
or other works in lake Kenogami and i in the Chicoutimi and au Sable Fivers : 
- and-of their tributary lakes and rivers, and of regulating their flow; both fro ; 
the, point.of view of the lessening of. floods, and for the better utilization of - 
the water powers to be obtained from such lakes anf, and their, tribu-_ 


5 2 to badion bas bas, 
—The shall give the by, this act, by 


means of tenders and contracts, after public advertisements and notice’ that 
g a _— the plans and specifications have been deposited in the office of the Commission 4 
for examination, bodiom adt ai .wolt honiarisiob 189% alt to 
: The giving out of the work shall, be jevidenced by a contract whieh, shall 
a. awarded to the contractor making the lowest tender, and who also, in the 
opinion of ‘the’ Commission, has sufficient ability, experience and means to do 


_. Nevertheless, no contract shall. be entered into by the (Commission except 
proval of the Lieutenant-Governor in| Council... doe 


oft to wtinigiv od? ai_yeivyl t9woq of} 


The Commission. may, with the approval of the Lieutenant;Governor. 


Connell, ae quire, either by mutual agreement or r by expropriation : 


(a). The existing dams and works at lake Kenogami i in the Chicoutimi 
the immovable ‘property required forthe carrying 
upkeep. of the work it.is authorized by this act 
All_the immovable property that, may .be flooded or. otherwise. 
affected through the execution and upkeep of the said works;. a 
the immovable property required for the making’ of public 


ror private roads to ‘to’ the’ to ‘replade 
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‘All the propert rty' required for ‘establishing the neces: saty 
the ‘servitudes, real rights, rights conferred by ‘the Legislature, 
sights resulting ‘ftom ‘contracts, and all other rights of any kind 
aids vd whatsoever. sow oft To ott tot anise 


‘expropriation under this: act; be effected in accordance with 

the Quebec Railway Act, and the Superior Court of the district ora judge of — 
a ‘that Court may grant immediate possession on such conditions as it or he may 

yd When it is necessary to expropriate only’ a piece of a lot, whether cadas- 
tral or not, the Commission; with the consent of the. Lieutenant-Governor | Pe 
ing ‘in Council, may acquire the ‘whole of such lot and afterwards sell such ‘por- re 


ty 
‘tions thereof as: it does mét of} ih 


So soon as the plans and specifications mentioned in Section’ are 


 eneien it shall be the duty of the Commission, after hearing the parties — 
interested, to submit to the Minister of Lands and Forests: 


an ‘forms of contracts to be entered into between the ‘Commission 
ob ‘and ‘amy’ ‘person, company or association, who may benefit by the 
for the storing and regulating: of the waters coming within 
f general tariff fixing the Hated prices and conditions which may 
demanded: from or imposed: upon any’ person, company or 
prey wean association, as regards any matter not: governed by the contract _ 


mentioned in Paragraph (a), for the use of the said waters. 


No contract passed in virtue of Paragraph’ (a), shall have any force or’éffect 
approved by the Lieutenant-Governor in Council, = | 
fy The tariff to be established in virtue of Paragraph (b), after having been 


= =* 


approved by the Lieutenant-Governor in Council, shall” not come into force — 

until published in the Quebec Official Gazette. “ifsider 7 
ensure the construction of the works: and ‘the ‘acquisition of ‘the 
, immovables | coming within | the scope of this act, the Lieutenant- eo 
wi 

time, such loan or loans.as he thinks necessary, but the loan or loans so con- 
tracted shall not exceed the sum of one million eight hundred thousand ee 

The said loan or loans may be effected by means of debentures or inscribed es 

stock issued for a, term of not more than fifty years, and:-at a rate of inter 
of not more than five per cent, per ANNUM. 

The said debentures or inscribed stock shall be in the form. and for 

amount that. the Lieutenant-Governor in Council may determine, and shall | wer 


» 

be payable, in or, annually, at the 


"The debentures inscribed inter this act shall not be s 


‘Sent to the duties imposed by the Quebec Succession Duties Acts. 


os --VI.—Sections 11, 12, 18, 14, 15, 16, 17, 18, 19 and 20 of the Act 3, mn v> 
Chapter 6, shall apply, mutatis ‘mutandis, to the present act, as if they h had been 


VII—Nothing in this act shall authorize. the Commission to acquire by 
a expropriation any of the property or rights mentioned in Section 8 of this | 

belonging to the companies called “The Jonquiére Pulp 


act ‘shall come into force on the day of its — 


Szorions 11, 12, ETo., oF 3, GrorcE Vv, CHAPTER 6 


2 


Vail 
11.—The Lieutenant-Governor in Council, pending the of the 
loan or may authorize the ‘Provincial Treasurer to advance 
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carry out this act on af with the requirements 12. 
_. Special accounts of such advances shall be kept in the Treasury Depart- 
ment, and the proceeds of the loans shall first of all be applied to pay them off. 

12.— —The ‘sums required for ‘the doing. of the works authorized by this 
See shall be paid from time to time by the. Provincial Treasurer upon a certificate 

oof the Minister of Lands and Forests stating that such sums have been applied - 
ae for, by. the ‘Commission, | that they are necessary and that the payment thereof 


be made i in 1 accordance with this act. aidssivbs 


= act) shall ‘be established. The ee form part of 
a fund as well as the interest accrued thereon shall be invested or deposited by y 

r under the direction of the Lieutenant-Governor in 

14--The monies received for rent or other dues in respect of works con- 
structed under the authority of this act shall be paid through the Minister 

4 2 of Lands and Forests into the Consolidated Revenue Fund to form part of 


‘the sinking fund until the loan or loans have been paid. off in full. erTy ry ib 
7 45.—The Commission shall require from each tenderer a deposit i in money — 


ota m7 an accepted cheque, sufficient to ensure, to the satisfaction of the Commis- 
= sion, the due execution of the work. | The contracts shall also contain a — 
lation that a part of the contract price shall be retained for such time and ~ 
_ upon such conditions as may seem necessary for the due carrying out of the _ a 
otew bias to sag of’ tot of war 


'16—No money shall be paid: to a contractor until the engineer in chief 
a has certified that the work in respect of which the monies are claimed has 
, Pi been properly done and that the sum claimed is due and payable in virtue of — 

this act; and until such payment has been recommended by the Commission. 7 


a ir mt —The properties which the Commission may hold in virtue of this act 
are exempt from taxation, and shall be held in trust for the Government ex- 


o -18—The members of the Comimission shall not be liable to be sued’ for 
acts done, catried out, or omitted in the performance of their duties under 
this tsie notllio: aio to mime tow [fade hat: 
The Commission can be sued only with the consent of the Attorney- Gen- 
19.—The Commission shall within the first fifteen days of each session, 
_ make a report to the Legislative Assembly of the work done under its control | 
during the year next preceding. Boda Die. 
_ 20.—The Lieutenant-Governor in Council may make, amend, or repeal — 
: such regulations as he thinks necessary to carry out this act and as he thinks © 
‘proper, to make. to provide for. cases which may arise and for which no special 
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DEVELOPMENTS THE HYDRO-ELECTRIC POWER 
GOMMISSION OF ONTARIO* 


gout the 5 > vp ret Lo TOW lau vit 


aids 40,200 Freperiox. A. Gany,t M. Am. Soo. fh 


YNOPSIS, 

‘This brief description of the power developments of the Hydro-Electric ie 


Power Commission of Ontario. presents its, general historical and economic 
22 


‘relationship to the ‘program of publie service as expressed by the. work. of the 


Commission, This. will lead to more correct understanding of that work and 


explain the continuity of. policy that ies. actuated the Commission 


obtaining and supplying electrical energy to, meet the rapidly. growing muni- 
Pa: industri al, commercial, and domestic. needs « of the citizens of the Province ef 


of Ontario. “Ontario’s great hydro- electric undertaking is a co- operative 


— than 1 000 h. P. and - now, fifteen years later, distributing out 800 000 h. Dp. 


operating twenty- three plants, which, , when fully will have 
“potentiality of more than 1.000 000 h.p.,. could not “have ‘progressed to 


- present magnitude and stability ‘without following some well-defined policy 


‘The hydro- electric enterprise of ‘the Province of Ontario has ‘sometimes 
been: referred to as a Government- owned undertaking ; but the phrase, ° “Gov- 4 


ae ernment ownership” , as frequently used elsewhere—and so often in the United 


States—has..a significance radically different from any conception that 


a should be attached to the operations of the Hydro- Electric Power Commission ti 


+ 


Ontario. -.Ontario’s great. hydro- -electrie 1 undertaking | ar 
ag nun icipal- ownership enterprise, operating through the agency of independent — 
control and administration, and is free from political ‘influence. 
Such public ownership, administered with honesty. and for the circum- 


behalf of the citizens of the Pravin renders | service that is unequ 


‘Tew: Tot gol soitalleraat to. | leitiai wi 


Broadly speaking, the ‘ydro- ectric Power Commission i is entrusted with: 
on the. duty of supplying the ‘electrical needs of the citizens of Ontario munici- 


a 


palities at the lowest possible cost. At first, this: ‘end was most eff 


“ever, the source of ‘supply, itself was, i in: ‘some fristanees, outright 


—Written ‘@iscussion on this paper “will be closed with the September, 1926, 
Proceedings. _, When finally closed, the paper, with discussion in full, will be, published in 
* Presented at the Fall fleeting, Montreal, Canada, “October 14, 1925 
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mn purchased which together with an existing electric network have con 
tituted) the whieh’ been’ made. Finally, the 


“Commission i is considering ‘the desirability of of obtaining ¢ a uantity 
of electrical power by means of steam. | sures. been 
Fol Financial Stricture-—Certain principles which the’ inaugurators of this 


’ "undertaking believed sound, and which have since proved to be 80, were laid 4 


asa basis for administering the various assets in which the municipalities are i 


eoncerned. ‘The general system of | administration may briefly be 


—The generation ‘and transmission’ of power on wholesale is 
in aged by a Commission’ which, although appointed by the Government 


of ‘Province, ‘acts independently in the capacity of ‘trustee for the part-— 

0” Tet aif. taou.ot [eoltiosls ently ire 


ond.—The local distribution of electrical energy ‘within the borders of 7 


ey rahbch pty is, in general, under the administration of a Public Util- 


gt Commission appointed under the provisions « of the, Public Utilities Act. 4 


hird.— Capital required for plant to generate and transmit power is 


e Governnient on receipt of formal requisition from the. Com- 


mission. are executed between. the Commission and the municipal- 


ities under terms which | the municipalities undertake to ‘Tepay, over 


Pourths ~The local distribution system is financed by. the issue of munic: 
‘pal debentures. Provision is made in the r rates charged to' ‘the ‘ultimate con- 
sumers for revenue with which to retire these bonds in from Y twenty to thi ae 


‘The Commission supplies power ‘to the municipalities, charging 


rey rave 
municipality: the actual cost. ‘To do this, an interim charge,’ based on the 
Lottie: 


oan estimated cost, is made monthly and, at the end of each year, credit or debit 


‘adju istment is made of the amou nt in order to make up the’ 
total cost.\ The “eost ‘of power” includes all the usual costs of and 


maintenance (of ‘the ‘generating, ‘transforming, ¢ and transmission plant 
equipment, , and, in addition, the annual interest charges on the monies bor- 


rowed for the initial cost of installation, | also provision for renewal (depre- 
; ciation) and ‘sinking fund reserves, as well | as a special reserve fund for con- 
itth.— “Each municipality sells electrical energy +o its own local. 
conditions approved by the ‘Commission. 
charged to its consumers by. a municipality are made ‘sufficient to take 


both of the cost. of distribution within the: municipality, and ofthe estimated 


Se of, power to, be paid to the Commission, by, the municipality, The cost ? 


of distribution is ascertained | in a manner identical with that” “used by 
Commission, in arriving 
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—Under the, Power Gemiiaiendan the Commission i is ‘required to. 


annually, the actual. cost of service supplied to ‘the municipal cor 


porations by the local. commission, for such strictly municipal. ‘purposes 
"street lighting, and the operation of water-works’ pumps and street, railways, 


and if any profit, has accrued through the charging of ‘the rate used through- 


the year, this surplus i is returned to the municipality. heel 


wi The basic conception of the’ whole municipally- owned, » electrical under- 


taking as ‘administered by the ‘Hydro- Electric Power ‘Commission of Ontario 


dpality- its proportion of the. cost for the service deceived. The ‘Com- 


mission, acting as agent and trustee for r the municipalities, exercises b both 
administrative and constructional functions, and by. application of | the 1 prin . ; 
ciples adopted, has evolved a -well- defined and successful working: policy for 
the development, transmission, and distribution of hydro- electric power ‘under — 
“ 


er In 19 1908 the Commission, in view of the vested interests in power develop 


- ments at Ni lagara, secured its first electrical energy for supplying the munic- 
-ipalities, of the Niagara System by contracting with the Ontario, Power Go om- 
‘pany fora supply of electrical energy up to a maximum of 100 000 h.p.,_ at a 


SP 


"price of $9.40 per h.p.-year, until a load. of 25 000 h.p. should be reached, after 
which the price would be $9. 00 per h. -year. (This 100 000 ‘A. | completely 
“utilized by. 1915. The Commission. arranged for additional power from other 


companies, and i in 1917 purchased outright the Ontario Power Company with ies 
a its plant. capacity of f more than 160 vue hp. In 1920, _ the plant of the 


Power. Company with capacity, of more than. 125 000 p. was "purchased. 


At present. (1925), the Commission is completing its | own -Queenston- 
pawa plant with a capacity. of about 550 000 hp All ‘these 


r 


time to time various. “municipalities in districts adjacent to othe 
sources electrical ‘energy requested the Commission to take. action 


a view to supplying their Power needs. Thus, separate _ systems, were 


formed in 1 localities i in general proximity to various sources of f power supply. = 


Concurrently with its efforts to keep pace with the ‘continually increasing 


demand for power on the Niagara System, the Commission found it, necessary ne 


to construct power developments for many, of 1 the ‘other ‘systems, which | were 


experiencing corresponding growth in demand, for electrical energy. These 
developments differ ‘not only in physical. characteristics, but also in their 
economic relationships to the various systems which they supply, as well as ! 


to the Commission’ 8 undertaking viewed in the large. Se 


At present, there i is a a tendency to r educe the number. of separate Bot 


bya process s of consolidation, t rought about by their expansion and the exten- 
sion of their transmission networks to a ‘point where they interlock with those 
of. other systems. When this stage in their growth is reached, it becomes 
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nient they into, and co- the larger systems. 
< 


‘some cases, “spetial tie-lines have been’ energy from 
one generating station to. another. “Thuis; two ‘or more systems became physi- 


-eally one from an operating standpoint. - Finally, when this stage ‘was reached, 
it was found advantageous to extend the consolidation to include the financial 
features. Both from the operating and: administrative 


sages the co solidations have effected substantial economies. odt 


of companies 


within the pontine of a a system already ‘established. | For a, time 


these 1 properties were operated as separate. entities, but as it. ‘became. conve- 


— 


all the t territory between Niagara 


Ere ona Hamilton, and Toronto on the east, and Essex ‘and Goderich on the 


, west, as served with electrical energy generated at the several plants on the 
Niagara River. ‘These include the plants formerly the Ontario 


Power Company and the Toronto Power Company, also the new “Queenston- 
development. The area’ served by this system i s about 13500 ‘sq. 
‘miles, with a a population of 1800 000. The load supplied i is about 700 000 h.p. 


Georgian Bay tem.—This system, ‘which is’ ¢onsolidation of four 
Eu; 


149 systems previously existing—the Severn, Eugenia, “Wasde lls , and Muskoka 


a Ss  aoeeoaaa that part of the Province of Ontario surrounding the southern 


oe creer 


fi end of ‘Georgian Bay and to the north of the 1 territory served by the Niag iagara 
System. It includes the district surrounding Lake Simcoe and extends as far 


north as Huntsville in the Lake of Bays Disielet + It is served by. five gener- 


stations, the -Wasdells ‘and the Chute, on’ ‘the: Severn’ River; ‘the 


. oe Eugenia, on the Beaver River; and the South Falls and Hanna Chiites devel- 


opments, on the Muskoka River. Of these, the Big Chute plant was ] 
chased from the Simcoe Ratlwey ‘and Power ‘Company ‘and subsequently en- 


larged by ‘the Commission. The South Falls’ plant was purchased from the 


Town of Gravenhurst and is also being enlarged, while the other three plants” 


we constructed by the Commission. — In addition, power is purchased 4 from 


- the’ Corporation of Orillia and from the Ni Niagara ‘System. ‘The area served by 
roy Georgian Bay System is about 8 900 sq. with population of 115 000. 
The load supplied i is about 90 000 h. m TO “TIE 


aa St. Lawrence 8 ystem. —This s serves! ths district immediately to the north 

‘of the St. Lawrence River between Brockville and Cornwall. The supply 
"Ot power for the | System is ‘purchased under agreement from the Cedar Rapids 
Power Company which generates its power at Cedar Rapids on the St, 1 Law- 

ae River, delivery ‘being made at a point near Cornwall. “The ‘area ‘served 

. this System is about 2 100 sq. miles, ‘with a population’ of 28000. “The 

an load supplied i is about 6 000 h.p. Os TOW ISI 16 


Rideau System — This System serves the district in the v vicinity of Siniths 
Perth, and Carleton Place. “Power om ‘genera ing 
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plants, one at “Carleton Place and the other installed the 
High Falls. Both plants are ‘situated on the ‘Mississippi River. The Com- 


mission also purchases power from the Rideau Power Company, of Merrick- 


‘ville. The a area served by this system is about 1.500 eq. miles, ith popu- 
of 16 350. The load supplied is about 3 000 hp. pat 
pt, Thunder ‘Bay ‘System. —This System s ‘serves the district at the head of the 

“4 Great Lakes, including the Twin Cities of Port Arthur and Fort William, 
wer from the development at Cameron Falls on the Nipigon ‘River. 3 


e va. The area served by this System i is. about 4000 sq . miles, , with a population 
of 17 000. The load supplied is about 45 000 h. 


gee oe Ottawa System- —This System serves the City of ‘Ottawa, and an extensive 


> 
power district adjacent ‘thereto. Power is purchased from the Ottawa 


and Hull Power and Manufacturing Company ‘under an agreement whereby 
es 20 000 h. p- is provided y We present load i is about 16 500 h. Pp. The population 


Central Ontario “and Trent —This System serves” the district 
i a bondehing the north shore. of Lake Ontario between the territory on the west 


served by the Niagara a and Georgian Bay Systems. and that « on the east served 


% by the ‘St. Lawrence and Rideau Systems. The ‘nucleus’ of the Central On- 
tario ‘and Trent» System was the group of properties formerly controlled by 
"the Electrie Power Company, Limited, and ‘operated by it through | the agency 


of twenty-tw two subsidiary companies. All these properties were purchased by 


the Province of Ontario on March 1, 1916. Since J une 1, , 1916, they h have 


-— been operated by the Commission | as ‘Trustee: for the Province : and the System 


ec has been greatly enlarged to meet ‘the constantly growing needs of the district. 


_ The | power § supply for the Central Ontario and System is obtained 


a at from nine power developments situated ‘on “the Trent and Otonabee Rivers, 
hich have be 


e Ww een made in. onjunction with dams. required or navigation pur- 


‘poses. Tw 70 of these are new developments ‘now (1925) under construction 
at Dams Nos. 8 and 9. The area served by this System is about 4700 sq. 

"miles, with a population of 145000. The load supplied is about 45000 hip. 
Nipissing System — —The Nipissing System comp ises the Town of North 
and certain small municipalities ‘south of Lake Nipissing. was pur- 
hased together with the Central Ontario System by 7 the Province in 1916 


ind has since ‘been. operated | by the Commission. — It is supplied with power 


from two hydro- electric developments on the South River at ‘Nipissing and 
vp Bingham Chute. The area served by this System i is about 700 ) 8q.- miles, with 
population of 13 500.. The load supplied is about 2750 h.p. 


F th PLants ConsTrRvcrep BY THE. Commission 
addition to the systems" purchased several noteworthy Bhotric 


developments have actually been constructed by the Commission. Early in 


1912, on the application of ‘a number of municipalities in Ontario County 


situated on tl the east side of Lake Simcoe, the Commission made a thorough 


_ surve of the he available w water ‘powers in the district, and recommended a site 


i at Wasdells Falls (Fig. 2), on the Severn River, about three miles below La ake 
 Couchiching, as being the st economical for power -developm 
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wae a new step in the progress of the policy of the Commission i in that | 


was- first development constructed by it on behalf of municipalities, 
Work,» was commenced in J july, J 1913, and the Project was completed in Sep- 


detailed hydraulic investigations showed the available head to vary 


on 


nsiderably, owing principally to back-water. "However, taking into consid-— 
eration the effect of forebay levels, the maximum and minimum heads avail- 


able’ after construction ‘determined to be approximately 15 ‘ana 


SECTION THROUGH POWER HOUSE 


i! 


WASDELLS FALLS DEVELOPMENT 
ON THE SEVERN RIVER. NEA 


‘respectively. Except for. difficulties encountered due to this extremely low 
head, ‘all the inherent, features of the site wete favorable for aimee 
natural formation solid granite, affording an excellent foundation for 


The dam substructure ‘and superstructure are constructed and 
4 reinforced concrete, and “offer no special features of design. The two main 
; turbines, are of. the vertical double-runner type in open- -flume settings, ‘and 
J 
each. Tunner is. provided. with a separate draft- tube. The units are designed 


normally at a speed of 90. rev. ‘per min. under a head of 12 ft, with 
mt three-quarters gate of. (600 hp. 
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1, 3-phase, 60-cycle type, and — 
anties.and specifications. 
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Commission, situated on the 
Bay, in the County of Gray, and designed to, serve 


the’ municipalities in ‘the ‘Owen Sound- — District, was commenced in 
j 
‘3 uly, 1914, the initial development being s completed i in ‘November, 1915. The 
unique features. of ‘this: plant, known as the Eugenia Developn ment, “are. the 
arrangements for maximum economic utilization of ‘the’ run- from 
rainage area, a and the high head 1 under which -Teaction turbines are used. a 
development _ consists essentially of a storage 
iver, about mile above. the Eugenia. Falls, forming ‘a reservoir, a canal» 


«50 000. ft, long, . a forebay or ‘settling basin, two wood- stave pipes : and steel. p 


stocks, the. power- -house, gross” head under, which the plant operates 


is 552 ft., of which 50 ft. is pret from the storage dam and the remainder — 


The drainage area is sq. ‘miles, much of which is tamarack and cedar 
swamp; t the run-off i is ‘remarkably constant, due partly to. this f fact, and partly . iv 


to the geological formation. The escarpment is Lockport. dolomite underlying 
a Cataract limestone, the whole overlaid with thick beds of morainal boulders, 


‘ae and clay, and this top covering | forms a vast natural al equalizing a ina: 
voir. The rainfall on the drainage area (about 39 in. per year) i is above th eg 

‘normal for ‘Southwestern | Ontario, since e the > water- r-shed lies on the high | platenw ee 

between Georgian Bay and Lake Ontario. The ‘storage provided at the dam, als 
 togethe er with the natural regulation of the. stream, will furnish a run- -off. of O01 


- five years, the maximum flood run-off is only about 7 sec-ft. per sq. mie, while 


ay about 1 ‘Sec- ft. per sq. mile throughout the year. As recorded during the ‘past { ie 
_ the minimum is 0.27 sec-ft. per sq. mile. | 


ne 

_ The main storage dam, or Dam No. 1, is a a reinforced 

of the Ambursen type. total length is approximately 1900 ft., of which 
vs 260 f ft. is ‘reinforced concrete and 640 ft. is earth embankment with concrete § ‘% 

a core-wall. The reinforced section is approximately 51 ft, high from the bottom — ab 
B= the cut- off to the top of the crest at the highest point. _ ‘The crest of the WwW 
spillway i is at Elevation 646, and its length is 103 ft. The maximum to which — th 

the water is raised is Elevation 649, at an area of about 1 sis 

: eh acres is'flooded. This upper 8 ft. is controlled by flash-boards, and the capacity. th 
gained by -this means is 190 000 ) 000 cu . ft, while the total storage capacity 

of the dam is ‘780 000 000 cu: ft., or about. one-third’ of the total flow of the av 
riven inva nofinal year!) ow milo bata Q: 

‘The canal connecting the reservoir with the head- works th 
as an open trench protected ‘by a wooden box-flume at points subject to earth Ri 

ie slides. At its lower end a natural basin was’ made by ‘placing an earth- of { ‘4 in 

: dam across an opening in the valley. . The length of this dam is about 800 ft., oar 

_ its maximum height, 30 ft., and its width, 10 ft. at the top, with h slopes of _—_ 
Yon 8 ¢ on the ‘water side and 2 on the lower side. The two wood-stave— 
pipe lines are 46 in. in diameter and about 3850 ft. in length, ending in surge 1 in 


The wood-stave and steel pipe lines ¢ are joined by head-blocks, from which 
Hees, 40 in. i in diameter, connect with surge tanks, which are designed o 
idle _withot ut ng a complete shut-down of the plant when all 


anks located at the brow of the escarpment above the power- “house. one 
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POWER DEVELOPMENT I IN, ONTJ RIO. 


The steel penstocks 52 in. in. diameter, 1557 ft. in Jength,, vary 
‘in, thickness from in. at the upper end to in, the lower end. 


girth seams at the top are : single- riveted and at the lower end _ double- eee ta 
the longitudinal seams are triple-riveted, double-butt strap joints, with rivets — i 
varying from a in. to 12 in. wo The penstock rests on concrete saddles 20 ft. a 


ls bent to outer of the pipes, 


The ‘penstocks supply three -spiral- casing, single runner turbines, two 


2.950 hp. capacity, at 540-ft. hea ad, operating at 900 rev. per min, and one 


Two of the generators. are rated at 1411 kv-a. and one at 2 800 ky-a.,, all 
being 3-phase, 60 cycles, and 3 800 volts, Based on the machine ratings the 


Description —The most important development that the Commis- 


sion has made i is the Queenston- Chippawa Project on the Niagara River. - As 


5 aaa To meet the growing demand for electrical energy for industrial purposes, 


the Commission, in 1917, commenced the Queenston- -Chippawa Demos 


a This plant was designed originally to utilize the surplus water that was" avail- 


gay, 


able from Canada’s allotment of 36 000. cu. ft. : per sec. under the Boundary, 
Waters: ‘Treaty » but when the Commission purchased the Niagara ‘plants: of 


the Ontario Power Company the Electrical Development ‘Company the 


nae of the projected | new Gueeniion- -Chippawa plant was increased from les: 
000 h.p. to about 450 000 h.p.,. and eventually to about 550 000 h, 
enlargement was possible because a greater quantity of water became 


available for under much more ‘efficient “conditions; that is, in 


-Chippawa plant the available water could be used at nearly double 
The general scheme of ig. an intake structure 


miles; the construction of a a canal, 8b miles long, frou, Mont- 


‘ ro se to the forebay and. screen- house, which are located on the cliff f about 1 mile 


3 south. of the Village of ‘Queenston, and the construction of the power- heme 


am! the Niggare Gorges; o8 coijootih bogarde gi Yo 
"Throughout: the period o of preliminary study. and, later, as the. design 
progressed, continuous » use was made of models of the various structures in 
- order, that the mathematical ‘analyses might be augmented. by actual d mon- 


-strations un der t the assumed conditions, Such odels ‘were made for studying 
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transitions (that 3 is, points White change 


on occurred in ep the diffuser at the mouth of the forebay, 

the draft- tubes and station substructure. is believed that the bene- 
- ficial results of such studies ‘and of the care taken | inp ‘the design: of what are 

often considered minor elements of a power development, have’ been demon- 

“strated ‘by the results obtained. ~The tests already made indicate ‘conclusively 


obtained. 


True conservation ‘of the of ‘the ‘Ningare River for power 

poses demands that practically the whole fall of. about 327 ‘ft. between’ Lake 

Erie’ and Lake Ontario’ be utilized. The various power plants now operating 
at Niagara Falls utilize heads of from to 210 ft. only, and 
- different degrees of efficiency. ‘The Queenston- Chippawa power development, 
‘the first unit of which was placed in operation during December, 1921, will | 
have a. ‘normal operating head varying from 294 to 305 ft. when the instal- 7 
lation is complete. | The conservation of head effected ‘by the’ reduction ‘of 

~ hydraulic losses to a ‘minimum (Fig. 8), and by refinements in the design 

the various elements of the ‘project asa whole, has resulted ina 


power which is believed to the best in modern, engi- 
if, off ad ef anid 


The present installation will ‘consist of nine 55000 to 65 000 hp. ‘turbine 4 
units operating at 187.5 rev. per ‘min. The generators are of 45 000 to 55 000 a 


a ky-a. capacity at 12 kv., phase, 25 cycles, with an an ultimate aggregate capacity 


“of from 450 000 to 550 000 h.p., depending on the water levels. The electrical 
energy is stepped up from 12 to 110 kv: for transmission, 


: Aes  -Intake—One of the great obstacles to the continuity of service is the entry oe 


ee ot 0 f ice > into the canal. a Great fields ‘of ice, formed in Lake Erie with its shallow 


cae but considerable anchor and frazil ice are 
site of the intake of the Queenston- dem ning at 
- the mouth of the Welland | River, Gs favorable in that floating ice does not 


4 ordinarily follow the shoré lines at this point; but the ‘smooth gradient of ‘the 


‘river surface, and the’ ‘comparatively shallow water with its ‘low velocity, are 


unfavorable to ‘the proper handling of ice. or dower" “ashe 
removal of water in ‘Targe quantities fi vily chai rged._ with 
ge quanti ies rom a river heavily charg with 


if 


a ice is always a difficult problem, but is greatly simplified when a natural break 
a: the river surface, accompanied by a ‘sudden: drop, gives a source of power 


for ‘the ‘separation of floating ice, and for its continuous disposal. The use 


ai ee a horizontal diaphragm to. skim the surface water, with its burden of ice, 
_ from the lower strata, thus permitting the upper water layer ‘to be. accelerated 


‘and x removed clear of the’ intake without objectionable eddies, while the lower 
layer, free « of ice, is changed i in direction and flows through the intake into 


new channel, gives a positive and satisfactory’ solution. 
7 ‘When, as in the present case at Niagara, the natural conditions| do Hot 


¢orifirm certain ideas as a result of many years of 


permit such a an arrangement, ‘tadically different measures be taken! To 
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operating the River, an extended series of tests anc 


ments” on large- -sized models was mad hese models duplicated to se scale 
‘the intake and resulted ins design ey 


— te in a ~ to | 


mat 100 ft. length and is 
"made up of an ‘aan with lock- nel for navigation, a bulkhead section, 


and the intake proper, r, the latter combining two forms of intake. a The con- 
"ventional or surface. intake consists of a concrete barrier or ‘boom: with fifteen 
penings each 18 ft. wide, having normally 8 ft. of submergence, which, how- 


ver, by means of drop- “gates can be ‘increased to any amount ‘up to the fall 

epth of “water, or 38 ft. A ‘submerged i intake—which has not 
- structed—as designed consists of six gathering tubes or draft distributors, a agere- 


gating 675 ft. in length. Water will enter the tubes on the’ up-stream 
_thr rough slots along a distance of 00 ft. (Fig. 4, Section A- “A). These tubes wil: 


be controlled | by gates similar to ‘those on the surface ‘intake—air tubes com- 
Prise an outer tapering section wherein a the velocity is maintained 
with a longer inner section 20 ft. in diameter, wherein the velocity, ‘increases 


regularly with respect to the distance along its axis. ‘Diffuser sections are 
placed at the i inner end to reduce the velocity, with as little loss as possible, 


to > correspond with that in in the ‘Welland River - section. it ‘These diffuser se sections 
a already been constructed as part of the present intake works. oe | er 


= 


The | submerged tube section of the intake v was designed as an ‘ultimate 
protection against ice, , and its” installation will be undertaken if i it is found 


that the existing construction n proves ‘inadequate; to the present ti P 
satisfactorily taken care of ice diversion. 
The Canal. —For ‘many miles above its mouth ‘he Welland Riv er slug- 
-gish stream, meandering slightly i in a depression ‘that can hardly be called a ee 


valley. For 4h miles this ‘stream forms the first reach of the canal | (Fig. 8), 


and its low banks provided a suitable disposal area, for much of the material oo 
excavated in t the process of straightening and deepening the channel. Leaving 
the: river channel near the crossing of the Michigan Central Railway, the iS 
canal takes a course almost due north for more than 3 miles. The earth over- i 
a burden is. quite | heavy | on this | stretch, the > bottom grade of the earth section He 
of the canal meeting the rock surface 1 mile from the Welland River. The a 
maximum rock elevation is coincident with the maximum earth 


elevation, but the profiles of rock and earth ‘surface are ‘roughly parallel ce 


each other. ‘The five bends i the canal vary in ¢ ‘curvature from 51 de 


depression that is crossed (Bowman’s Ravine) is an 


“| channel through which, in pre-glacial 1 times, , the Niagara, River flowed 
toward Lake Ontario. a the time the construction started this old channel | 


was the course of a ‘small stream having its outlet at the Whirlpool. 
€ Bis iirys crossing is made on a fill and the 2 valley itself prov 


posal area for about 1 500 000-¢ eu. ‘yd of material 
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+ 00, near the beginning of the rock section 


POWER DEVELOPMENT 1 IN ONTARIO. 


: _ tions were made to determine factors of roughness for large canals in earth x 
and rock, with and without concrete lining. One of the conclusions reached ang 
that the Kutter formula ‘should be used. ‘The Toughness factors” used 
5 int the hydraulic studies were. 0.035 for the river section and 0.012 for the 


Control” Works. 


or 
48 ft: ‘lear span—the full width of ‘the rock ‘section—is | at Station 


The: use of ‘two gates with a 
central: pier was considered, but the single gate’ was found to be the more ¢ i 
_ tageous, as it provided an unobstructed waterway with a consequent reduction ba 
in friction losses. The gate, which is supported on steel towers with a con: 


crete substructure, weighs about 100 tons, and i is provided with two hoisting 


it is high enough above the water were in the canal to permit a tug to pass 
Whirlpool Section —Bowman’ s Ravine, situated west of the Whirlpool, 


- was crossed on a rock- fill, the cross- -section of the anal being changed from é 
a rectangular section 48 ft. in width to: trapezoidal section with bottom 
width of 10 ft. and ‘side ‘slopes of 1 on (Fig. 6). was designed to 


_ as great a cross- -sectional area as the rock section has at the extreme 


minimum water level. The Whirlpool Section is lined with reinforced con- 
_ crete. . In order to withstand the pressure of the back-water when the canal 


is emptied, the lining is provided with vents of s sufficient size to. drain the 
‘fill as quickly as the water can be drawn down in the canal 
a: “ft Concrete Lining. —Economic considerations prompted the lining of t the 
tock section of the canal with concrete (see Figs. 5 and 6) . The height of - 


the lining 1 was fixed slightly lower than the profile of the water surface exist-— 
_ ing when the load conditions on the plant are at a maximum and the flow in 


Niagara | River is at a minimum. Thus at all times the lining will be 
protected by ‘submergence against the action of frost. ‘The thickness of the 
‘lining: varies according, to the rock over- -break, but averages about 20 in. . Where 


a necessary, steel dowels ¢ are used to anchor the concrete lining to the rock. aan 
if _ Extreme smoothness, of surface is ‘not the only determining factor, precise ae 
ae being also a most important element in the reduction of hydraulic a 
surface by the use. of steel a 


is purpose a positive and ri gid ‘method of form: setting was 


Screen. A ‘louse. —At the lower end of the forebay, serving as a dam, is the 
~ gereen | house (Figs. 1, , 8, and 9). _ This structure forms the entrance, and the 


control, for the: The entrance to each of the main _penstocks is 


bellmouth of three openings each 12 ft. 8 in 


“into one opening, ft in ‘diameter, at the point of ‘connection to the pen- 
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smooth stream lines and consistent changes in 4 


POWER DI ‘DEVELOPMENT IN ONTARIO 
trances are sealed by concrete eurtain- -wall extending down. to Elevation 
which eiven depths of 28 ft. above the floor the forebay. Imme- 


gates. ‘These ‘gates ‘ptovide 'a a sof. unwatering in 


. itis: necessary to inspect ‘the lower sections of the racks, or the penstocks. 
a The intake is divided into three waterways to reduce the spans for ‘the. gates 
. to a convenient size and also to permit the use of racks of a somewhat new 


"design. The entire tack structure is removable and is split horizontally into 
wo sections for convenience in handling. oft specially designed rack follower 
with an automatic latch arrangement facilitates the removal of the. tacks.) 


an ice e chute, and is is arranged so that a further 1 unit, entrance 1 may 
aa added at the north end. It is near the « edge: of ‘the ¢ ‘escarpment, only a 


narrow ledge of rock being left between it and the gorge. Owing to the dis- - 


Penstocks the screen house, the w water is cearried to’ turbines 
ty steel 1 penstocks | (Fig. M)oi The first five main unit penstocks are 16 ft. in 
diameter. for approximately two-thirds of their length, and then reduce by 
A a taper section to a diameter of 14 ft. The remaining penstocks are 16 ft. 


diameter for ‘their complete length. penstocks have bends only 


the top and at the bottom. These elbows are held in massive concrete anchor- 

ie the one at the upper bend forming a foundation for the piers support- 

ing the sidewalk and toadway extending along the edge of the escarpment 

es _ Each penstock ring consists of two ‘plates with longitudinal joints on the 

“horizontal center line. The joints are all double butt, varying from double 


_= at the top to quadruple riveted at the lower end. The circumferential 5 
nts. are single butt, double riveted, with the butt strap on 


results that would follow a failure, the screen house was 


are made -water- tight bey electric. welding. This. type of 
: an joint gives. a much better alignment to the inside of the pipe pe than. can be 
: obtained with the | usual outside and inside course with lap joints. The plates 
vary in thickness from } in. iat the top section to 1k in. , at the lower section. 


ts In the | erec ction of the ‘penstock, an ‘innovation was tried, namely, the use of 


concrete envelope a minimum thickness of 24 in., a protection which 


will prolong the life of the steel. sid T  .bosi sob 
Generating and Transformer Station. —The generating and. transformer 


station i is situated below the escarpment and close to the river’s edge, extend 


ing about one-half the distance to the top of the e: escarpment (Figs. 7, 8, and 9). P. 


_ The structure required to house nine main units and the service ‘equipment © 4 
} : is 650 ft. long. _ The substructure i is of. ‘Massive concrete carried 1 down to Tock 

foundation. The superstructure consists ts of a structural steel framework with 


— 


reinforced: -eoncrete floors and roofs, and and and 
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Cay from 55 000 
to, 65 000 3805- 4t, head, at 187. 5 rev. per. min, 


‘for. Unit No. 1 is of the common, curved. type modified at ‘the elbow, whereas 
nf e each. of of the other 1 units is equipped with a “Moody spreading tube. fs es 
as Each of the present units is rated at 45 000 kv-a., 80% power 


“factor, 12 000 volts, 3 phase, 25 ey cles, a at 187.5 rev. per ‘min. They are capable 
“of being operated continuously at 49 500 ky-a., with either voltage or “current 
in excess of the rated” values. The units are vertical (Fig. 9), with 


direct- connected shunt- -field ‘commutating- -poles, and 250- volt, 150- kw. exciters, 


‘The over- -all efficiency of the generators | is | slightly i in excess of 97% ata power» 


factor” of 80 per x cent. The thrust bearing is designed to ‘support a a load of 


— 10000 000 db, , which is slightly in excess of the weight of the rotor plus the — 


"hydraulic t thrust imposed by the turbine. ‘Upper and lower guide- bearings 
are provided, the on the of the shaft 


awol- to 


SECTION OF Sree Psnerocks, -CHIPPAWA PLANT.” 


Gratifying results were obtained i in’ testing the turbine and generator 
oun its. An « efficiency test of Unit No. 7 at the Queenston generating station of a 


Commission was made on March 21 and 22, 1925, The measure- 
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‘Readings were’ taken’ to’ compute the generator aad the "turbine o outp t 
‘was taken the sum of the generator output plus" generator losses. The 
"measurements of water consumption ‘were made by the Gibson pressure- time 


a ‘detailed description of which has been published* ly 


jon 


QUEENSTON GENERATING STATION 
68.000 H.P. TURBINE 
Head, 294 Feet ‘Speed, 187.5 R.PeM. 


"Thousands of Horse-Power to Generator 


T 
—A maximum turbine efficiency of 93. 8% at 55% “of full gate- opening 


42 210 h.p. . turbine o output. is probably the highest 


2—A turbine efficiency of 98%, or greater, for ere ts between 3 36 000 
—A turbine efficiency of 90%, or greater, for outputs: between 28 
maximum putput,, at t 


‘ 


2 


of the Commission. In this territory are 
and Fort William. Tributary to these communities is an extensive territory 
“Heh in _ natural resources, the development | of which only awaited the furnish- 


‘ing of adequate supplies of electrical energy. . The district possessed ¥ valuable a 


early: as 1901, City of Port Arthu ir embarked i in the business 


2 


aml ual. atm ith 21D 


a ‘The | growing demand foal however, soon made it necessary 
provide for further supply. | The results of the activities of the 
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in ‘the | N jagara District prior to 1906 and the of the Com 
—thission inspired the city officials of Port Arthur to: seek a solution of its 


ary; 


power problems along lines similar to those a lopted by ‘Niagara municipalities. 


Subsequently, the Commission purchased po wer from a power company oper- 
in the district and, later, when of supply was beginning ‘to 


Prove inadequate, the municipalities of Fort William and Port Arthur entered 


| “into “agreemen $ with the ‘Commission for additional’ power, with the result 
that the Commission a thorough canvass of possible “new sources of 


al "The large quantities of power available from the Nipigon River, if devel- 


oped, would permit the conversion of great supplies of pulpwood into paper 
satisfactory costs and the opening up of the mineral and other ‘resources 
of the Thunder Bay District. In view of this, and as a result of the investi- >: e 
“ga tion, Cameron’ Falls on the Nipigon River was selected a as the site of over 
ations, ‘and construction was started i in 1918. Wet 
Hydraulic Data—The elevation of Lake Nipigon i is 850, and that of Lake 
Superior is 602 , giving 3 a fall of 248 ft. between the two lakes, along the Nip- ; 
-igon River, in a length’ of about 32 miles. There. are four main power sites 
on the river, the upper two 4 of which may possibly be’ concentrated at ‘Pine 
‘Portage, where a head of slightly more than 100 ft. ‘could be sure A 


Cameron | Falls the head is 78 ft., the head- water level extending about a by 
a tiles back to Pine Portage. “About 2 miles down stream from Cameron Falls, 
at Camp Alexander, is the remaining power site, where a head of 60 ft. is avail- | 
able between the’ tail- water of the Cameron Falls plant and the level burs 
--- The area of Lake Nipigon is 1 530 sa miles “anid that of its drainage tun 
sq. “miles ~The from Lake Nipigon is controlled by a ridge aa 
at the outlet about 150 ft. wid n River. 

As would be expected with such a large ‘don reservoir, the river has a 
emarkably uniform regimen, the flow varying ‘from a minimum of 
40 000 cu. ft. ‘per ‘set. to a maximum of 18 ‘000 see. From records taken 


ar 


"required to ‘me seasonal Toad on the ? 
this huge r 


cu. ft. ‘sec. ‘for 1 month, that a variation of 4 ft. is ‘to give 


complete regulation of the flow; this variation can be obtained between the 
ae Cameron Falls Bite. —The regulated flow of 6 500 eu. ft. per sec., under 
a 78-£ . head, at Cameron Falls, with a 60% load factor, gives a peak | capacit 

of 15 000 h.p. The pl ant has been laid out for this installation. As it is situ-— 
hell at the lower end ‘of Lake Jessie, which is merely an expansion of the 
-‘Nipigon River ‘that floods back through Lake Maria to Pine Portage, a dis- 
tance of 12 mi les, a large still reservoir is over 
in ‘the early winter, and, by thus providing an ice cover until the spring a 
Bpbalk- “up, prevents the formation of the troublesome frazil 1 and anchor ice. 
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case to handle the from the head: The u units are space 


cases are also. of reinforced concrete. 


‘DEVELOPME 

miles, and: gives 8 sufficient 
storage” to for the weekly load factor on the plant, with a variation 


int the head- water level oflessthan3 ft. 


er At ‘the location chosen, Nature has provided a conyenient site where the i 
? PR works may be concentrated within a small area. The power plant is — 
made possible by the construction of a dam across the ‘Nipigon River, “and 


Feral 


tte excavation of short head- race and tail- -race channels actoss the point of 
_land formed by a bend in the river. _ 


Power- H ouse—The main dam is concrete spillway 


“which moves an operating deck o over ‘the top of the The total 

ae. length of the dam is approximately 300 ‘ft. , and the maximum height in the 

is 67 ft. In addition to the main five ‘auxiliary e earth-fill dams 


4 


a gine forebay occupies an opening in the natural rock. walls of the. 
approximately: 300 ft. long by 263 ft. wide. The. power- house, containing six 
«12 500-h. p. units, is of the concentrated type of reinforced concrete construc: 


Ze. tion in which the head- works, ‘supply pipes, and power- -house all form part of 
same structure. The inlet for each unit consists of sections 35. ft. 


4 


“4 in ‘sections to permit easy are ‘installed 3 in openings, inside the 
F __ head- works; through t. them the maximum velocity is approximately 2 ft. per sec. 2 


- Behind the racks are the head- gates, three gates for each unit, the ‘two outside 


ones being of the sliding type and the middle one a free roller gate which acts 
a8 a by-pass in filling or emptying the supply pipes, Each gate is. 11 ft. wide | 


18 ft. high. The sliding gates: have bronze bearing strips, while the roller 
ates are af the Stoney type and can be opened. against full water r pressure. b 


Ahead of the racks and head-gates, stop-log checks are provided fan, conye- 


_nience in unwatering 1 the racks or gates, should this be found i necessary. It was 


a ~ considered essential in this climate to house the racks and gates i in a building © 4 
that could be heated in cold weather. It is due to this feature, in combination 


with the large ice- -covered forebay, and with the low velocity, which latter not 
e prevents ice being drawn down under the curtain- wall, but also | gives “a 


negligible loss through the racks, that freedom from the operating difficulties 


~The supply for each unit is “composed rectangular sections 


is is 86 ft ft. The 


internal water pressure, and for from when The 


>, Although the. reinforcement. re- | 
for this head was heavy, no difficulty was experienced | either 


mple drainage is provided in te 
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‘DEVELOPMENT IN ONTARIO 
at 45- ft. The draft-tubes are of the elbow type, upper section hav- 
io The tail- race, about 1000 ft. long by 125. ft. wide at the water Tine, is oa ig 
on open cut across to the smooth water in the river below the falls. ‘The upper 
. ‘section near the power- -house i is in rock and the lower section in earth, a rock- pe 


: filled timber. crib protecting the down-stream end from débris carried down by 
Turbines. —The turbines | are of the Francis, single-runner, vertical type, 


a. at 12 500 h. p. under a 7 72-ft. head, and operate at a speed of 120 rev. per 


min. — The guide-bearings for Units Nos. 1 to 4 are of the Lignum-vite, rater 
lubricated type, and those for Units Nos. 5 and 6 of the oil- -pressure, babbitted ae 


_ type. The governors : are > supplied with pressure from a a central } pumping plan 


having duplicate ¢ centrifugal pumping units ¥ with capacities ‘of 650 gal. per min, 
The water used for the operating fluid, containin 


A 


Construction. —Due to ‘the: location of the development considerable work 
a preliminary nature was found necessary. This included the construction 
P of a temporary power plant, of about 1 mile of railway, including a a bridge 
"across the Nipigon River, as well as of various camp buildings. The temporary 
“power plant consists of two ‘turbines obtained from an abandoned ‘plant, 


utilized to drive one kw. generator and three | 300-h. Pp air compressor 


‘The Nipigon River i is justly famous for its. trout fishing, and to help pre 


7 


serve” this sport a a fish-ladder has been pr provided around the west end of the 
‘Power- -house. This i is of timber construction, about 400 ft long. design 


of the ladder was approved by the Provincial | Game and Fisheries Tape, | a 


and, it is believed, provides a satisfactory - passage for the fish in their annua 


The Commission, in compliance with applications from municipalities in 


Baths is known as the Central Ontario System, negotiated ‘the purchase ‘of the ee : 


4 


‘lectrie Power Company’s system operating the Trent ‘River, including 


six generating plants with a total capacity of abou t 27 000° h. p. To take care 


“~~ 
the continued increase in demand for electrical energy in 
Commission has since constructed additional developments. 


met The first of these new plants was located at what is pers D a 
‘Ranney F Falls, » On the Trent Canal, near Campbellford (Fig? 11). In 


struction of the Trent Canal , below Dam No. 10, the Dominion pone 


4 
installed intake sluices in the canal wall immediately abo bove Locks 11 a 
It is through these sluices that the water is obtained for meanings the Senin Say 
| hy An open forebay, 124 ft. long, connects | the sluices with ‘the power- house. “3 
The regulated canal level at this point is 477.0 (sea-level datum). From 
_ power-house, the tail-race, , 80 ft. wide, extends 27 5 ft. to the Trent River, the | 


4 4 i of which at its meres ena the tail- -race is 429. 0. The  forebay is 116 f 
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increases in depth, until at the gate-house the dimensions: are 71 ft 


ft. deep. T This design i is conducive to iow velocity at the racks: 
‘The, gate- -house ‘substructure. (Fig. 12), is a block of reinforced. concrete, 


ft. by 30 ft. in plan. There are four entry chambers, two for each unit, 
ft. wide. The racks are at the head of these chambers, and are built.of. struc: 
tural steel. i in two sections s., In the ‘center. pier. of. the gate- -house, a 5 4- ft. 


ae is provided to « carry off any ice or other floating material from, the 
-RANNEY'S FALLS DEVELOPMENT. 10k 


ER DEVELOPMENT. IN, ONTARIO 


=> 


50 100 
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Regulated Head Water a 


aoe 


J 


Sluleeway for Northumbertand 


Lag +The double ‘supply pipes ¢ connecting the gate-house to the turbine cases 


ei each ‘provided with a Stoney gate, one gate for each unit being of. the ‘sliding 
ae type, and the other of the rolling type. _ The supply pipes are of reinforced — 
concrete. ‘The double supply ‘pipes converge at ‘the bottom, leading the water 


to the turbine scroll cases in the proper direction, with r minimum eddy loss mee 


two turbines are of ‘the vertical single- runner. type, each 


connected to. a 4500- )-kv- “a, generator, and have a rating of 5 000, ‘hp. at 


i rev. per min. » when operating under 47- ft. head. ‘The two generators are a 


normally. rated at.4 500 ky- “a. 3 phase, 60 cycle, 6 600 volt,. 120 rey. per min., 
at 80% ‘power factor ; but. are capable of carrying ‘45 300 kv-a a. a at a 


factor, with cooling air ‘at “ambient temperature of 15° cent, 


a” Developments, at Dams No. 8 and No. q 


eaten -The second and third developments recently placed i in operation me 
by the Commission at Dams No. 8 and No. 9 near Campbellford, contain some. ; ta 


= features, in that they are automatic operated by remote-control 


ts ‘This ‘enables their operation to be carried ‘out from the central | th 


out 1 mile from Dam Ne | | 
miles from Dam No. 8. Iti is felt that this ‘remote-control feature will effect 


bs a ‘considerable | saving in the cost o of operation for these two plants, which cost, 


ei 


ease of smaller developments, an appreciable factor in the cost of 
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pra! The Trent is a forming part of the 
way between Georgian Bay and Lake Ontario by way. _of the Kawartha Lakes 
three main interests making use of the. river—navigation, lumbering, 


of the flow has been established, which serves as for the installa-— 
“tion of. generating equipment. The regulating | dams were ‘eonstmneted several 


years ago the Federal of Public Works and. the various power 


- developments, of which there are a number, are installed in the neighborhood y ey a 


of these several dines and take advantage of the fall at the canal locks. 


‘Bie all 


t 
to hoa 
an int 
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ba 


i} ad ip 


oy ‘distance Camber th 
into ) two branches, kn wn as the East a 
across the river from the Tsland, 


thereto by a concrete core-wall. Dam No. 8 is ‘situated | on the East Branch 
4 about 2 miles down stream from Dam No. 9 and’ a short ‘distance from the 


lower end of the Island. guivinter Yo ail} 


The minimum regulated flow down the East Branch at present available 
for power is 1 200 cu. ft. per sec., about 200 cu. ft: ‘per sec. being | allowed oe ber i 
the West Branch to _— riparian owners, but it would be possible 
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POWER DEVELOPMENT 


means’ 6 of storage, to 1 650 cu. ft. ~The net ead at Dam 
No. 8 is 82 ft. and at Dam No. 9, 22 ft., and a flow of 1 650 cu. . ft: per sec.. at 


* the Io load factor under ‘which it is intended to operate these plants, gives a 


eapacity of 6 600 h.p. at Dam No. 8 and of 4800 h. p. at Dam No. 9. 


a Dam No. 8. —The generating p lant at Da m No. 8 consists: of three 2 200- 
4 


are 90 ft wile: the piers being 6 6 ft. thick, the | spacing of units 
ft t. center to enter. A considerable saving was effected by using th the 
a... existing dam structure as a head-works , cutting : slots for the racks in the sides 
Hee of the | piers, and extending the piers down : stream to form the. draft chests. — Ih 


Pose (on account of the low ratio of ‘Span. to thickness), necessary 
¢ care of the end reactions. This was accomplished at the bottom 


by pot Pouring 
ailing th pad in four and id at the top by 


‘turbine structural steel ‘composed of t two. 
rallel girders spanning between piers and two I- beams framing into them on 
either side of the draft- tube, This ‘method of construetion, , it was felt, would 
ve added rigidity and, “besides facilitating construction, would be 
the usual flat-slab reinforcement. The ‘same method was used 


to ‘support the generator which carried heavy loads, and w “was subject 


and 


Ww 
concrete ft. 6 in. high, securely anchored into ‘the tail-race 
floor, provided for each unit. Stop- -log checks for unwatering th the draft- 


tubes were provided i in ‘the tail tail- il-race 
DA Bee. tail-race, which is an o open 1 cut in | the river bed 33 ft. wide by about 17 — 
t. deep in the average, extends down to the foot of Meyer’s Island, more than 5 v 
3 000 ft. the power- _ Ordinary methods: of rock excavation were 
was in solid limestone, and, although the 4 p 
ides were necessarily ‘the bottom was comparatively smooth, as the lime. 
stone strata were approximately horizontal. The ‘Toughness factor as deter- 


* ‘mined - from tests was about 0.37, which was slightly less than that used in. the 


ry computations for tail- “race losses. 


 prelimina 


Surplus and flood waters s are diverted through the westerly sluices of the on 
i dam across | Meyer’s 8 Island to the West Branch of the river, instead of ‘allowing a 
them to flow down the East. Branch, thereby 1 reducing the deposit. of material 
the tail-race cut, as well as avoiding some loss. of head. This diversion 


necessitated the construction of a gravity retaining wall from n the 1 west corner 
of the power-! -house over to the Island, a distance of 220 f ‘ft. and a rock-filled 


imber erib and rock- fill section from the end of this retaining wall “ise ra 
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fire 


The equipment consists of units, in open- flume 
‘sting, euch unit is rated at 2 200 h.p. under 32-ft. head. These. turbines are a 
reaction runners, and operate at 150 rev. per min. The governors are of the Pe 


__ oil-pressure type, and | a s the piping for the three units is interconnected, and i 


as one ) pumping: unit is of sufficient capacity to operate two units, it is felt 


that 1 no trouble will be ‘experienced from this source under operating conditions. — 
‘The noteworthy feature about this station is. the installation of f automatic and 


control equipment to enable the units to be operated from the ‘Ranney 
‘Falls Station. The additional attachments to the ‘governors include a solenoid 
which may be energized or de- -energized, and a synchronizing motor which 
the speed of the units, with the necessary automatic features such 

valves, “dash: -pots, ete, to enable the operations of starting, 


Toad on the machine, closing the gates, 


to be controlled from the remote station. { 


ma 9.—The layout at Dam No. 9, where also » ) the generating plant is is 
in three units, while similar to that at Dam No. 8 in many ways, has | some 


‘essential points of difference. _ Five power sluices, each 20 ft. wide, had been 


¢ 
"7 poll $ in the side of the canal, just up ‘stream from the canal lock, to "aecommo- 


late the tu 4 


showed some | of disintegration, it was ‘considered inadvisable to adopt 


these p piers as at Dam No. 8. Ani inner 


we 

ho 

layout necessitated the of a 

ca The Power-house design adopted and the method of carrying the floor ds 
4 were somewhat the same as in the sister pl lant at Dam No. 8, , with the | exception 


ra 


tion was 18 made ‘possible by the e fact that the: existing surface was above 
the floor level. ‘The units “were spaced at 30-ft. centers, which g gave a longer 


| span for the generator floor ae but the loads from the > weight of the machines — 


provided in the tail-race piers for unwatering. 
; The tail-race was excavated i in the bed of the river and extends down to .* 
slack- <-water which i is also the head pond for ‘the Dam No. 8 development. This 
1 400 ft. long by 40 ft. wide and av averages s abou 


a 


are rated at 1 600 p. w under 22-ft. 


he governors themselves: having. the 
Possibly it is too soon to state: e that these plants, are unique in 


they are ‘the largest of the remote- controlled | type yet constructed 


have been an unqualified as have operating only a 


— 
Dam 
— 
es — 
— 
200- — 
— 
sides 4 
| 
bject 7 
rards 
| 
ring 
the 
the 
n on 
ould 
| 
used — 
ject 
pper 
Tace 
raft- — 
— £ : $3 
— 
than 
were 
the 
the 
of 
er- 
1 the 
the -runner, vertical propeller type, 
wing operating at 180 rev. per min. a ae 
erial 
filled 
the 
Bo. 
ai 
— 


‘comparatively “short time, Nevertheless, 


e to the saiving that can be effected by the + 


% Powsr Comanssion. Distemumion ¢ OF Power 


orl bots IN, PROVINCE | OF Ontario, 


Number 
Hagie to lof manic. Population. | demand, in 
lin eoderd gitiviqas served. in } and ag 


Niagara 1 254 1 800 000 
Muskoka Division. 4950 | | 80 
34 


‘ 


TABLE Power Comatission OF Province oF 


CanaDa, MMARY or Capacity OF Horse -Power. 


‘System, Capacity. capacity, | 
undevelope 
ueenston-Chippawa plant....... . 440 000 (8 units) 788 500. x 
Eugenia 7 400 { 
 Wasdells ‘+ A 


Purchased power...... 10 000 he 
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POWER DEVELOPMENT 
In addition to ‘the salient f features of ‘the more important of the generating — 
A "plants serving the systems of the Commission already described Tables 1 and 
2 present fur urther details. When completed, the plants under development by 
the Commission will aggregate 1 000 000 h.p. ‘The whole undertaking has bee: ¥ 
carried forward on the basis of municipal | ‘co- operation. municipalities 
are financially ‘responsible for the undertaking; the Commission on behalf of 
the municipalities , and the municipalities in connection with their local 


utilities, have invested | $275 000 000 in order to obtain electrical Laaiha cost. 2 
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ST. LAWRENC WATERW AY TO TH E'SEA 


for the discussions, which supplement illuminate his paper, ‘These 
let it be set down that the writer is not promoting this Waterway to the 
does ‘anticipate immediate action on the restoration, deepening, and 


a, Francis C. M. Am. Soo. letter). g—The writer 

ome are mostly fair- ‘minded pr helpful in evaluating the several elements ‘enter 

Sea. _ Instead, he states its u ultimate | economic desirability and therefore its” 
inevitability. A And he does not fix an early date of completion, because too 
many political and regional elements arrest the free play of economic c forces; 
maintenance of the Tight of way of the Great Lakes. “ And he does: advocate 


mmediate action on the International ‘portion of the Rapids Section of ‘the 
| oe Lawrence River, extending from above the -Galops Rapids: to the head of 
Lake St. Francis, primarily as a water-power project, but s sO. ‘developed that 


‘the ultimate deep- draft waterway will be provided for adequately. 
=. When 25- ft. drafts become available in the Great Lakes System, in the 
Welland Canal and through the International St. ieee River, the remain- se 


te Lachine Rapids. to will follow in due course, possibly 
the time when additional electric energy is needed in Canada. 


5 


. | appears unnecessary to answer any discussions bearing on the ecom-— the 
mercial feasibility of the navigable waterway. The paper itself 1 is clear and Bt 

ay explicit as to the writer’s views, which are still unchanged. ‘The ble nding 

of navigation water power on. the ‘St. Lawrence River is obvious. 3. To 

what extent, the opulence of the energy element will subsidize the | transpor-— 


tation | element is a a matter r of opinion. | ta The utilization of all the water power 
as a a commercial enterprise is certain ; the utilization of the navigable water- 


Lakes Superior and represents the contributions 


a, of the ‘States of Minnesota, Wisconsin, and ‘Michigan, and the middle and ong 
western portions of the Province of Ontario. writer Proposes to utilize, 


in the interest of larger continuous flow in the Niagara and St. Lawrence 


« 
_ * Discussion on the paper by Francis C. Shenehon, M. Am. Soc. C. s. continued from 


t Cons. Engr., Minneapolis, ‘Minn. 
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Rivers, the capacity of 

not view favorably. any draw- ‘down in these reservoirs for the benefit « of water 
power; and water- “power interests do not view favorably s any ‘subsidization of 
a Iti is significant that navigation is the vital economic element for the United 


economic element rather than navigation. More eile: 90% of the commerce ~ 
of Lakes is American. in division of water: at 


Lake Ontario and into the Upper St. Lawrence by ‘the expenditure of more e 
than $100 000 000 in the New Welland Canal. On the other the United 


States—with a lake commerce eight times greater, with a a population i in 
the States bordering the Great Lakes more than four times greater | and i in the : An fae 


country as a whole more than ten times greater—has had neither the optimism “an 


nor the enterprise for a E a quarter | of a century > to: secure and maintain even rea- 


‘sonably | good drafts in | this vital internal waterway; a and has added no link 
aside from the Davis and Sabin Locks : at t at the ‘ ‘Soo” —to the ultimate waterway 


to the sea. And the Canadians have outstripped the United States in ‘the 


‘volume of developed water: power i in the N iagara and St. Lawrence Rivers. — S 
¥ In reply | to the suggestions of Mr. Hogg,* reference i is invited to the judicial — ie 


‘Engineering Reports (1925) of the Board of Review of the Sanitary District 
of Chicago. This Board was the most eminent: group of engineers’ ever r called 
j together | to investigate a great sanitary and hydraulic problem. — iti is ‘well to 


point out the significant fact that the diversion of 50.000 cu. ft. x per ‘sec. in 


Marys River has yielded some beneficial horse- -power years; and after 
the obvious engineering device of regulating works became 


Lake ‘Superior better. for navigation. 1 The local conservation use of 
water is therefore twofold; ‘and, in addition, the reservoir yalue 
Superior will eventually help to stabilize the energy output. of the St. lew 
Fenee River and ‘the navigational use of the St. Lawrence Waterway, In any fe 


use: of the water of the Great Lakes ‘true economic analysis must balance t! the 


value of working. water against wasting water; or must compare the pre 


wo orth of water serving ; several purposes with the present worth, of water to serve — 


dual purposes twenty or thirty years hence. Engineers may | leave certain legal 


- questions to lawyers and statesmen and orahiate the service. of the water, after — 
-Tegulating works: have restored losses. of depth. and created | storage to conserve 
in the future the wastes characterizing the past and the present. 


Perhaps. the writer’s proposal to stabilize the flow of the St. Lawrence 


by | reservoir capacity. of Lakes, Superior, Michigan and 


RA 


Huron, with some sacrifice of. navi igable depths in these lakes, represents 


‘mile ‘cosmopolitanism than ‘patriotism, Ih analyzing a physical problem it — 
weight to ‘such intangibles 
1926, Papers and Discussions, p. 1708. 
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SHENKION on LAWRENCE WATERWAY THE SEA [Pape 
political boundaries and regional may be well, however 
‘to retain detached world citizenship, leaving to statesmen and diplomats | 


A 
‘the allocation of the ‘economic benefits possible with the best physical solution. 


Perhaps optimism and enterprise should be accorded the little sacrifice sug- 


etre The writer’s thesis: might be entitled ‘ “Conserving ‘the Water Wealth of 


the Great Lakbe System” ; because,. in the paper itself and in the discussions 


: * ae. evoked, the value of the water and the ways of storing and utilizing it are 


: developed, The water is ivaluable for navigation within the lakes—to the 


ae aa % Gulf of St. Lawrence and to the Gulf of Mexico—and for water. power in the 


Niagara, St. Lawrence and. linois Rivers. Hydrological. events, the views 


of and months of modified, in some 

= 3 ation of t the period of meager supply in the Great Lakes System, | beginning 


in 1921 and ‘still (Mareh, 1926) prevailing. | The mean supply for 35 years— f 


to 1925, _inclusive—is_ 231 500 cu. ft. per sec. The the ‘St. 


awrence River outflow ‘fon the past 5 years are: 


‘Monn... 95 200, 400 


iA that the ‘levela of all the lakes were without any 


§ accumulated lowering and ¢ that 9 000 cu. ft. per see, were diverted i into ‘the 
; Tilinois River, the mean outflow in ‘the St. Lawrence River would have been 


_ 186 200 ou. ft. per sec. Conversely, assuming that the St Lawrence flow ha 2d 
we maintained tisiiform with | a volume of 220 000 cu. ft. per sec., the levels 


of all the lakes would have been lowered 2.0 ft. to supplement by storage the 
“deficient: ‘supply; and in’ order to recover the 2.0 ft. of surface-level loss. in 


these 5 “meager years, ‘it will “Lawrence River 

orttflow—to have 5 ‘years of opulent supply as much i in excess of normal as 


the meager “years are belo w normal. Such a compensation in ‘hydrological 


€ et dees 


“Tt is interesting to note the actual maximum and open- season minimum 


monthly outflow volumes of ‘the St. Lawrence River in this. period of com- 


“parative: water famine as given in Table 7. largest unregulated outflow 
ss eomes' in months when the Harbor ‘of Montreal is deep because of the large 


Ottawa: River discharge; and the smallest outflow comes in ‘the fall months 


when navigation needs ample river volum 


In these fairly generous outflow ‘volumes: for ‘the St. ‘Lawrence River is an 
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4 pemernrews outflow volumes. In 1925 the supply i is only 18% ‘of normal, but 
the: outflow is more than 90% of normal. The reservoirs of the lakes auto- 

matically waste the ‘waters of ‘the | lakes to the: ocean. The utilization of regu- 
lated Lake Ontario alone for storage, with the natural automatic drop i in the 


reservoirs, would have sufficed to’ maintain ‘a reasonably uniform 
out in the St. Lawrence River. In the years 1926 and. 1927, however, the cae. 


‘St. ‘Lawrence outflow must be meager, unless extraordinary water abundance — 


‘prevails; because the. St. Clair River with the. present low Michigan-Huron 


elevation cannot outflow its normal supply. This must cause a deficit equal — 
_ to the volumes to be stored, in Lakes Michigan- -Huron. 1, This deficit in the 


“St. Clair River contribution to the St. Lawrence flow will lessen each wear 
until L akes Michigan-Huron reach some elevation such as 580.2 ft. in the 
beginning of the year 1936. The elevations of the lakes are as given 
in Table a 


Riven. 


Ma ‘November 000 


November 
December 


problem of the. co- -ordinated regulation of ‘ies Great. Lakes : is the iis 


* justment between the maintenance of the best surface elevations and the largest se 


practicable minimum outflow i in the St. Lawrence River. The degree of uni- 
_ formity in the Niagara iver is 0 relatively. lesser importance, because water 


power may use - volume of, perhaps, 100 000 cu. ft. ‘per sec., while the = 
volume applied to the preservation. of the scenic of the Falls may 
diminished in times of restricted flow. 


VATIONS OF THE Great Laxes. 


Great Takes on January 1926, would een as Slow: 
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SHENEHON ON 8T, LAWRENCE ‘WATERWAY TO THE SEA 


; Michigan- -Huron, 580.5 ft. ‘Erie, 571.5 and Ontario, 


245. 5 ft. ‘The present unregulated deficiency, spread. uniformly’ over all. ‘the 
lakes, -would be 3.4 ft. Under co- ordinated regulation with a minimum:flow 
in the St. Lawrence of 220 000 cu. ft. per sec., the deficiency would have oll 


1. 5 ft. _ The difference ot of | 1. 9 ft. the gain in navigational 


‘in n Lakes Michigan: Huron based on average supply conditions and unregulated. 


flow in the St. Clair River. In making this forecast (Table 9) it is ‘assumed 
‘restoration ‘of ‘regulated ‘Lake Superior will be secured at the rate 


. ft. per sec. — 
9.—ASSUMED RETURN oF LAKE ELEVATIONS. 


ELEVATIONS, IN Feer, JANUARY 1. Sr, CLam River. 


oh 


Superior. Michigan- utilow, in cubic 
ole feet per second. feet per secon a 


+ 


Quantity 
normal, in cubic 


a 


.* “bn, ‘orecasting the unregulated outflow in the | St. Lawrence River | on the — 


| basis of ‘normal or average supply, the mean n volume of discharge for 1926 7 

re should be about 185 185 000 cu. ft per ahe’' and for 1927 about the same ee 
It is an even chance that it will be ‘somewhat greater and an even hance 
‘that it will be somewhat less. A portion of this outflow must come from. the 


further draining and lowering of Lakes Erie and Ontario. 

‘The serious deficiency in wi water supply of ‘the p past five ‘years (1921-8 25) 

resultant low lake levels and crippled _transportation capacity demon- 


strates clearly the a of onginecring s control to conserve in years of abundant q 
Said yield the waters of the Great. Lakes and to expend by budgeted Telease in 


i ey the accumulated savings. The present concern 0 over the depleted 


condition of ‘the lakes had its ‘parallel in the low-water period of 1895- 96. 


remedy proposed then—more than a quarter of a century 


—was regulating works i in the Ni iagara River: 


| 


ill Il regulation work ? Colonel Pillsbury* expresses doubts and Mr Mr. Sabin 
a after more than thirty- -five years spent in Great Lakes problems—much h the 


same as the writer’s years of « experience with these problems—is not sure. It 
-eertain that the natural automatic: operation of the: Jakes failed 


maintain the best navigable waterway. ‘G00 to baotani ‘tog. 


by * Proceedings, Am. Soc. ‘December, 1925, Papers and | Discussions, p. 2000, 


Loe. cit., Papers and Discussions, P. 2706. 9 
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4 ant 


of regulation. As a matter of fact a 1 detailed oan the hydrology of 
these years—and of 1912 as the ‘practicability and neces- 
a y of regulatio1 n. In 1910 the supply naturally tributary to the ‘St. ‘Clair 


u. ft. . per see. less than their normal. The reserve storage of 


Lake uperior 25 000, and Michigan- ‘Huron, 28.000 cu. ft. 


The supply | from the Erie and Ontario Basins was a little greater than normal. ; 


The outflow to salt water was at the rate of 234000 cu. ft. per sec. 
H Superior | by January i 1911, had fallen to Elevation 601. 24 and Michigan- 


AP 


Huron to Elevation 579. 38, super- -regulation been in effect, ‘these ele- 


. vations would have been. 601. 8 and 581.3 ft., _ respectively. The gain of 2 ft. 


for ‘vessel | drafts. -in the st. Marys. River and Lakes Michigan- -Huron is sig- 


= nificant. a ‘During 1911 the lakes would have ri isen slightly; and complete level at 


Mr. Sabin, clings to the ‘thought of single-river: regulation illustrated by 


3, 

q the works in St. Marys: River—necessitated by water diversions—and suggests 5 Ss 


a tryout of regulating ‘lan. in the Niagara River. Such works will help, 
but the ‘principle to be followed if: works are to be built in sequence is to build “a 


the lowermost works first; because the o operation of works in the outlet of 


d Lake Ontario cannot affect: adversely the upper lakes. The operation of the 
Lake Superior outflow works has at times damaged the lakes below; and works — 
q in the Niagara ‘River alone | may damage Lake Ontario and the St. Lawrence 


River. nce Super- regulation, with works i in the St. Clair, ‘Niagara, and St. Law-— 
rence Rivers making effective the ‘existing works in the St. Marys River, is a 


: the sound engineering solution for the Great Lakes System. The vost of such 
works and the cost of operating them is the vast financial 


the operation: scheme of s super- -regulation r require an 

on that sequined in the operation of a super-power system or other rs: 
work? Will ’ ‘required, suggested | 


enter the problem: First, the. ‘release of a reasonably con- 3 


~ stant minimum volume of outflow through the regulating gates in the St. 
Lawrence River; second, the utilization of the forebays of Lakes Ontario and 
Erie as equalizing basins; third, the release of water through the St. Clair 


‘River | to. supplement the Erie and Ontario supplies ‘maintaining the 
mi nimum vol 


* 


ume of outflow through the St. Lawrence River; an 


_ the operation of the reservoirs of Lakes Superior and Michigan- mane | as | 


of storage, with restrictions or enlargements of flow in the ‘St. Marys 


iver to keep the two basins i in step with each other. ; i ea 
7 A detailed demonstration of the operation of the. super- ‘regulation of the 


Great Lakes ‘System m is | beyond the limitations of this paper: The works 
‘> utilized for outflow control do not need to be precisely detailed now. The __ 
writer would the works: “at the heed of the St. River a fourth 
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ON sT LAWRENCE WATERWAY TO SEA 


(Papers, 


or will any of high water exist in 
and Michigan-Huron, provided the plane of ‘control is conservative. 


Lake Superior has ample excess outflow capacity in lateral water-power canal 8. 
Tf a volume of 40000 cu. ft. per sec. flows continuously through these canals, 
_ by: passing the Tapids in St. _Marys River (and this volume i is never dimin 
is 
applies to the Chicago Drainage Canal and to the Welland Canal. Mr. Sabin 
questions the specific application of is principle. tus 
SOS olonel Pillsbury raises the question of legality in stabilizing the levels 
of the lakes, suggesting that a riparian owner may insist on only the fre- 
quency of high- water periods shown by the hydrograph since 1860. The rights 
“@ riparians to ‘natural s sequences in nlite levels and in volumes of river flow 
affect many engineering undertakings. In cases where the interests of shore 
Owners: in ‘submerged lands clash with the n necessities of navigation, the right — 
5 of the riparian to compensation disappears. (See the case of United States 
The Chandler-Dunbar Company.) The governmental right to modify the 
‘natural outflow of the Sst. Lawrence River ‘in the interest of navigation 


The possibilities of the St. Lawrence Waterway to the Sea. will 
ae to kindle the imagination. Some of the vital engineering Principles are re- 


* Proceedings, Am, E., , September, Papers and Discussions, p. “1260. 
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ARCH ‘DAM.AT GEM. LAKE, ON RUSH CREEK, 


FRED O. OLSON AND VaLTER L. Huser, Am Soc. OC. E+ 


jol Frep. 0. Dot SON,f AND Wattsr L. | MEMBERS, Am, Soo. C E. (by 
|—The writers’ conclusion ‘that, a type of dam ot er than ‘the multiple 


| arch should be. selected for. a site such as that at Gem Lake is well SAMO 


strated by the great diversity. of. opinion, as to causes of deterioration and 


| to remedies, display ed in the The wide interest shown. by 


Il di ion is, to th m, soure of satisfaction... Exe 
full discussion is, to them, a source of sa tou od 


The positiveness and the wide diversity, of opinion “regarding the quality 

of concrete in the original structure would be amusing i if It were not to some . a, “§ 
a eflection upon, the profession, . It ‘is interesting to, note. that eriti- 
 gism of materials and workmanship . of the original structure. is offered by 


“those who have not made.a personal examination, while others, as, for instance, ‘ 
Mr. Comstock, ‘who made_ a careful inspection of the structure previous. to att 


PO. Git ist , 
‘repair, defend both and state that the indicates that the. work 


Big ne and the results obtained ‘were as s good. as eoul be obtained with the — 


materials available. Many point brought out in the iscussion | are Worth 


contributes some interesting, notes from the 


struc: 


to some dams i in Sweden 


‘tered, and. states that at, damage ‘occurred. in two, years, 
_ admits that these dams are partly, backfilled with earth, ag a against 

correspondence Mr, Jorgensen states Saat for. each. of the: 

dams the > back-f fill behind the arch section covers: that part which, remain 
below. the water level during cold weather. The writers a are entire accord 


his conclusion} that. under severe freezing conditions it, can hardly be 
expected: ‘that plaster face applied to. A this, section, 


Discussion on the paper by |Fred Dolson and Walter le ‘Members; Am, Soc, 

Vice- Pres. . and Asst. Gen. The California Power Company, Riverside 

Cons. Civ. Engr., San Francisco, Calif. glee ‘A008 
Received by the Secretary, March 25, 1926. 
Proceedings, Am. Soc. C. B., March, 1926, Papers and Discussions, p. 467. 
Loc. cit., December, 1925, and p. 2005. 
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J ewett* has results of the “many tests” he ‘made 
The ‘Nevada California Power Company in an effort” to find a coating 
which would afford a water- -tight face and, at this" sting - time, would offer 
‘degree of permariénee.” The defects of many 80 -called ‘ ‘water- -ptoofing” 
, ds are intimated if not actually. lexpressed. It will be noted that 
i Jewett has, wisely in the writers’ ’ opinion, avoided the a: of any trade 


As an example incorrect conclusions, Mr. ‘Wheelert and Mr. 
attribute the disintegration of the concre e to the presence of limestone and 


It is ‘interesting to ‘note e that, in the lower part of the dam 


é where the limestine (mentioned by Mr. as coming from the outlet, 
tunnel) was used, no disintegration has occurred, “whereas | in that part of 


the dam which has disintegrated this limestone was not dasa.” rhage @ vl 


Mr Turner§ mentions ¢ certain concrete dams, much thinner than the Gem 
Lake Dark: ‘and exposed at times to temperatures of 50° F abr. below zero, 


but he does: not state where ‘these structures are located and. at what season 
the water stored behind them is drawn down; consequently, the writers have 


Wiggin| credits the w writers with calling attention for the first time 

in a ‘pointed way to the fact that the immersed side of a thin exposed wall, 


concrete is in the same danger from 1 the: formation of ie -erystals in its 
‘pores, u under influence of cold coming through the dry side of the 
‘8 as the side not immersed in a thick, leaky wall. 
writers note Mr. Howell’s “agreement with their conclusions 


piles t to another « dam of thin section of the flat-slab type which i is deterior- 


4 


Mr. ‘Waugh, who is ‘thoroughly with ‘all conditions at Gem take 
having assisted i in its original construction as well as having ‘had charge 


ore 


. its repair, ‘attributes the primary cause of the disintegration to the failure 


of ‘the Gunite coa tet moisture from getting in back of the top 
skin. "His conclusions are substantially in accord with those of the ‘tits, 
ae! the slightest penetration of water under such climatic conditions will be 


followed by deterioration. _ In the paper doubt was expressed as to whether, | 
er ‘conditions imposed for construction at such sites, vious 


s be obtained under present- day conditions, After several ‘seasons of hard- 


ed experience in carrying ‘the responsibility of construction in this diffi- 
location, Mr. Waugh is even more positive that “G+ is inconceivable that. 
concrete will prevent the penetration | of moisture.” 
Mr. Flinn’st++ suggestion that should collect data 


behavior of other thin section dams is yalnable’one, pro- 


* Proceedings, Am. Soc. C. E., September, 1925, Papers and Discussions, 1453." 
. cit.; December, 1925; Papers | and’ Discussions, p. 2008. bas t 
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Papers, 1, -DOLSON AND HUBER MULTIPLE- 
POLSON, LTIPLE-A 
_yiding such. data, are 


lowering of water surfaces, ete. "The writers do feel that they. have not over-— 
emphasized, one example of deterioration. ‘They, have placed a notable example 


before t the profession as, ‘completely as they, have been able. to present. it, and, 


‘ through the 2 discussion ¥ which has followed, as wg as from other sources, have 


learned that this is by no means an isolated instance. hh their opinion the 


~ serious tendency has too often been to ‘observe complete silence i in the case of Cr 


sad experiences. Such experience is a rightful heritage of the Engineering — 


Profession. Examples of similar structures that have stood (and the writers 
do 0 not believe such | success will be found in similar locations) will not afford 
a sense of security to the designer contemplating a new structure of this type — te 
to'withstand similar conditions. ‘To use thé terse expression of ariother dis- 
" cussor, ‘engineering is not a matter of m ajorities”. 


a Senator Luiggi* gives some interesting observations on the Gleno Dam, ¢ a 

i nfultiple- -arch dam’ in in Italy, w hich failed but’ not from -causes- such as the 
"deterioration at Gem Lake Dam. ‘The writers ‘glad to note his — 
renee | ‘in their opinion that ‘for such § a locality as that at | Gem Dam a rock- 


has many advéntages ovér'o other b Senator Luiggi questions the 


8 is 
and contraction of the arches of the dam. 

; gests methods of water-proofing the up-stream face of the dam; but since the 

a methods suggested would necessitate the loss of at least one season’s storage 


‘the cost is thus rendered greater than that of the method chosen. ak At Uée 


| The ‘contribution of Mr. Merrimant+ is, i in the opinion ‘of the writers, one of 


the most valuable and constructive of all because he 


sin cases. Mr. 

Merriman is to be commended for bringing this out 80 
oO Shaughnessy} makes inquiry concerting ‘the’ ‘resultant losses 


Bi 


tained by the failure of the dam to function during certain ‘seasons. © ‘na 
1923, when an effort ‘was made to water-proof the face ‘of: the structure, the loss 
was 10 000 acre- ft. of storage—a heavy loss. when ' it is realized ‘that at this 


"locality this’ quantity amounts’to ‘approximately 12 000 000 potential kw- 


‘The probability of having to face a similar, or even greater, Toss in 1924 was 
one of the deciding factors i in favor of the method of repair chosen, which was 
carried out entirely from ‘the down- stream side with no loss ‘of storage. Mr. 


states that in an arch dam it is s ‘necessary to’ have ‘of 
r-proof. the’ opinion of the writers, Co: 


will moisture to egree “whatever does not exist. 


‘Therefore, for climatic and operating conditions, such as obtain at Gem Lake 

‘Dam, it is absolutely ‘necessary that the impervious surface be provided’ next 

x the water, as required by the principles of Mr. George L. Dillman: which | 


ig 


> Am. Soe. C. E., January, 1926, Papers, and Discussions, p. 90. 


pers, 
made 
fing” | — 
trade 
janet — 
— 
dam 
utlet 
rt of — 
zero, 
ason 
time 
n its — 
th — 
- 
but the danger in not properly caring for A 
arge 
Be 
top 
be — 
ther, — 
— 
iffi- — 
diffi- 
that — 
pro- 
Mite 
— 


“DOLSON ‘AND HUBER ON MULTIPLE- GEM L. | CPapers, 
were ‘referred! to by Mr. Shaughnessy. it this face is provided is per- 
it should ' be’ immaterial whether ‘the concreté back ‘of it is porous, so 

Jong as this concrete is able’ to. withstar nd the stresses ‘imposed upon it’ as 
of the writers are glad to “note that Mr. 


Be O'Shaughnessy, with his extensive experience, commends a rock- All type for 


ca 
a location such ‘as that at Gem Lake Dam . It is also ‘interesting ‘to note that > 
. ME “O'Shaughnessy plans ulti imately to ‘replace the buttressed arch dam at | 4 né 
“Lake Eleanor with one of a rock-fill heelart 
‘Lippincott clearly ex expresses an idea, which the writers have to 
endeavor to make plain, in his statement: hig 
“Although a thin shell of concrete may be made water-tight against Ber a 
a By it is not possible. by y process known to th e writer pre ent it# al 
odt Observations of diagonal cracks ix i the buttresses: of several mmultiple-arch 
a dams have been made. by. ‘the writers and they are in entire accord with Mr. JOA 
Lippincott’s views that these buttresses should be: reinforced. _ These diagonal 
4 no | 
a eracks, although “not important. consideration | Gem Dam, | did 
_exist near the up-stream toes of three of the, buttresses. ‘They are described f 
and comments are made on their r prevalence i in other multiple- arch, under 
“History of Operation” i in the writers) paper. ‘ails ui 
Mr. Reedt makes inquiry concerning the conditions at Lake Agnew Dam, 
smaller but. similar multiple-arc arch, dam on the same stream approximately =" 
550 f ft. lower i in elevation. The ¢ concrete i in Lake Agnew Dam has not disinte- a , 
grated, but a small amount of leakage has developed.’ The Gunite surface was 
-Temoved in 1925 and various types of water-proofing compounds are now beng} © 
“tried on the up-stream face. Ih the opinion of the writers, deterioration of ‘the 
concrete in: Lake Agnew, Dam has not occurred because some protection. from 
extremely low temperatures is afforded by the. snow with which the entire down- oe 
stream face i is usually covered before the extreme cold weather occurs. In fact, | ‘aD 
ee arches are banked full. of snow at such times. _ The protection by. such + 
a banking is apparent from the fact that a valve enclosed in a light board shaft L j 
does not. freeze. af ‘Mr. Reed cites instances of multiple-arch and flat- dams 
that have been successful in Norway and Sweden, but indicates that “protec: 
_fion against low temperatures has been provided, In the, opinion, of the % 
Writers, such protection is essential, 
akobsen§ opens his discussion, with a statement that, it. would. be 
i hazardous i in the extreme to conclude anything from the behavior of 2 a single j to 
a and more especially since, other similar structures, subject to, equally a 


ts severe, conditions, have Shown no sign of deterioration . His references to such 


iy structures are very meager, indeed. It ‘would be interesting to know the exact 


location of each and to: have exact climatic and operating data. for each. 
‘has missed. the statem ment. in the. “Introduction” | to. the 


Loe oit., September, 1925, Papers and ‘Dissusaione, Pp. 1819, 
t Loc. cit., January, 1926; Papers and Discussions, p. 


§ Loc. cit., February, 1926, Papers and Discussions, p. 293. a 
Loe. eit., 1925, and Discussions, p. 1310. 
put 
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Papel 


er to ‘the effect that large ainount of discussion 


multiple- -arch dams had’ already been ‘presented, ‘and that it’ was 
intended to include any addition to such material. paper was a 


of a failure’ and a method of ‘repair, ‘not of the theory of design. He 


can rest assured, however, -that ‘thorough ‘analyses of the ‘new ‘seétion ‘andof 


is ‘its effect on the remaining original structure wéte made, not only by y the engi-- 


of The Nevada California’ Power Company, but bythe several consulting 


engineers who were employed: and that no important considerations were left 


hero ect. bobioge botaolig GF ol Bl 


r. Oesterblom seems to have misse of the ‘salient ‘ef ‘the 


paper. Iti is easy to ‘understand why the middle belt ‘of the arches" was atiected 


and why ‘the section at the bottom, as well as at the top, was little affected. 

‘The up-stream faces of the lower parts ‘of ‘the arches are generally submerged — 


to. consider rable depth in water, which | insures ‘somewhat warmer temperature. — 


“At the same ‘time the ANS: ks of ‘these arches are protected. from extreme iby 


ure by the early snows drifting against them us forming a blanket; 
_also, the arches themselves are much thicker ‘at this point, thus affording 


opportunity f r the extreme cold to ‘chill the material completely. These 
litions, , combined. with. the fact, that the _upper sections, from which water is 


aint always d rawn before th advent of ¢ cold v weather, do ‘not sh sh ‘deterioration, — 


D “seem to afford ample that frost’ action is the cause. 
Mam, a hte O18 298%, fs gipab 
__ Mr, Colliert offers a conjecture on what results would have been obt gnda 


a 


Had, a thicker coating of Gunite with reinforcing b g been applied. He states, in by 
‘closing, that a of 2 in. of reinforced Gunite, 


r experience has shown that positive water- proof conditions will be obtained. | “Tt 
orn be ‘interes ing to know the num er of years” during which ‘such co ndi- 
tions have | 0 obtained on any structure and what conditions of e expansion ‘and 


contraction, or of | deflection, ‘occur ‘in the 0 peration the structure, 
"writers believe that a Gunite face of these specifications would have prevented 73 


3905 


percolation of water a at first, but that over a period of years the Gunite would 


Li) (Mino wilt 


have dbaditbelt water and would have disintegr ated to such an extent. that 


water would have been admitted to ‘the concrete ‘back of it, unless it was re- 


m _ With much of the discussion of Mr. Noetzlit the writers disagree entirely. 


ping Mr. Noetzli refers to the Lake Eleanor am as being an entirely sucessful oy 
structure, bu apparently he has -noted | that Mr. O’Sh aughnessy, from his 
if 


to. rep dice this structure with a rock-fill dam, He 


cull | yefers to the Bear Valley ‘Dam’ as being a similar structure with cli 


{Ta sare mano?) wi To mon 

matic conditions gor “At the Bear ‘Valley ‘Dam the reservoir is not regulated. for 
exact | ‘Power development and ordinarily not drawn down 
ic conditions are not 


After: referring to. the ore repair as being 


a cit., 308. 3 
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POLSON AND HUBER ON ~ARCH AT GEM: LAKE 


advocacy. of a a method that was considered and discarded by the everal engi- 


who studied this problem for, the owners. method is not believed 


ef i 


Lake Reservoir is now an important and necessary part of a 
-hydro- -electric. system. Any method. of repairing Gem Lake Dam that would 


r render the reservoir useless for a stora age season, or even a part t of such, season, — 


must prove “expensive, due, to loss of revenue; Mr. Noetzli’ ‘proposed method 


i 
would cause such a loss. “The method adopted ‘avoided this. Lowi economic 


DEB RO Gl a 
be loss and thus it has a large | differential i in its favor. . Noetz i does not con- 


a loose. rock- fill, which is relatively ‘porous, ‘will materially protect 


@ concrete core wall or a concrete. face slab against low temperatures. 


e 

a writers, know the facts ‘to be o otherwise. " Proof can be secured by taking tem- b 


‘peratures in tunnels through ‘rock-fill dams ‘where it will be. found that at a 


’ distance of about 60 ft. in from the tunnel portal water will not freeze. For a 
example, ‘Mr. Dolson had occasion to construct a ‘tunnel 157 ft. in length 


- through the ‘Skagway Dam near ‘Victor, Colo. ; later, he used | this 1 tunnel for 

2 the storage of foodstuffs ‘and found that 60 ft. in from the tunnel portal n e 

‘Th he several examples of hollow concrete deseri sed by Mr. ‘Scheiden- 


elm* are interesting, but those particular structures Y Resi are enclosed by 
a deck on the. stream face are comparable. 


‘The writers wish to express their appreciation of the very clear statement 


wae Galloway,t interpreting | the Tessons from Gem Lake Dam ° which they 


“have. offered to the profession. He has most ‘clearly and concisely pointed out 


bid 


Piers ‘the value which may be gained from a proper interpretation of an engineering a 
am 
agi T 


of the thin multiple- arch type, if it is to resist the conditions. oy 

ing at sites such as at Gem Lake, must depend on a permanently imperv ous 

ae face: but, ‘under present-day conditions, the writers 3 know < of no 


practical means 


by, which such permanent imperviousness can be obtained | nor has the dis- 
q 
cussion disclosed one, They, therefore, adhere the opinion already expres sed 
that for | this or similar locations a dam o the rock-fill type has many advan- 
e In closing, the writers express their | appreciation to the officers of The 
Nevada California Power. Company for - their ¢ courtesy and their frankness in 
4) granting Permission to publish a ‘full account « of the investigation and repair — 
een a source of satisfaction to note expressions of 7 


appreciation of the attitude from’ many,of those 


of 
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PERMISSIBLE CANAL VELOCITIES 


Samugt Fortier anp Frep C. Scopey, MEMBERS, Soo. 0. E.t 


Hib lind 


nt and Frep C. Ask. ‘Soo. 


letter). |—The writers wish to express _ their appreciation of ‘the additional: 


-construetive information| contained i discussion, From comments in the 


aiseusion there appear to be two main points en arged upon 


1.—Kennedy’s theory and formula its, Felationship to. “permissible 


2.— Soil classification particularly as influenced colloidal material in a 


flow of water in canals may be said to consist of three phases’ of. 
mcr in its relationship to the movement of soil particles: $= = 


‘98 


aie 
oP DIR 
“49 fa) -silting. velocities, or in the words of “critical 


nsporting velocities —dhowe which will move down stream particles 


Scouring ‘velocltice—those which will a well- aged. canal bed. 


Phase (a) ‘implies a conditibn?’ of equilibrium in the flow of a ‘silt-laden 
a 


water completely loaded with silt for thet] particular velocity and 


"Likewise, the implication exists in »the Kennedy quotation that the bed ‘silt br 5 
mers might be taken’ on as a load is quite free to join the silt being trans- 
-ported—that it is not firmly’ ‘bedded down, as defined on page 1401.** It ‘is 


teadily seen that any ‘particular soil unit from the finest of. clay ‘particles. tc to 


4 cobble-stones, could be more easily pic cked up for. further transportation within 


* Discussion on the paper by ‘Samuel Fortier and Fred. C. Scobey, Members, Am. 
C. B., continued from April, 1926, ‘Proceedings. 
t Senior Irrig. Engr., Div. of Agricultural Eng., Bureau of Public Roads, U..S. Dept. of 


itt § Senior Irrig. Engr., U. 8. Dept. of Agriculture, Berkeley, | Calif. fod 
“Hydraulic Diagrams for Channels in Barth, Giving Discharge, Mean Velocities, s, and 
Silting Data,” Second Edition, 1907,p.1,00 a 
ee = 
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AND SCOBEY ON PERMISSIBLE CANAL VELOCITIES 


bedded particles or had interkeyed with adjacent: unite. 
Phase (6) differs from Phase (a) i in that it deals with a water: that may 


be already loaded... In other words soil particles that would not be moved 
Kennedy’s 8 would be under ‘the same velocity 


do wn stream that have x never + become part of ‘the settled bed of the canal ¢ or 


particles that’ have ‘been’ traveled off from the bed due to velocities edie 7 
‘Phase Gilbert differentiates between material moved by “ ‘stream 
sion”. and, that. moved by “stream traction”. gly Kill materially paste 


Phase covers velocities that will ‘scour a. canal bed. which has become 


_well-seasoned under lesser velocities, “These are the velocities that ‘ permissible 


velocities’’ may be allowed t to approach, but 1 not to equal, ‘For other 


conditions they are higher than the velocities i in Phases (a) cand ( (b). 
i The writers have the wimost respect for the work of Mr. Kenned; 
ters 


silted are! tebe?” are directéd a a writers. 
5 who m misapply Kennedy’ formula jin discussing ‘scouring: ‘velocities, 


to There i ‘is the’ implication that’ below a certain’ velocity for a given channel 
given soil conditions silting takes ‘place’ and above it scour occurs. This 
may sometimes be true for the traction of loose particles. The writers’ conten- 


is that the well-seasoned: bed ‘will scour vundér a a above the 


In a similar been used’ as criteria 


“The approximately the velocitiés which are 


required to move different materials: leider 
p 0.25 ft. er see, moves fine clay. 


tlie be od. dads 13. oii odpebbles, 1 in. im size.’ 
et mean velocity i in a channel may. be somewhat larger than these values 
; Beebe the materials will move, because the velocities along, the wetted perim- 


a0 ‘Tt is doubtful whétlier “ “Somewhat larger” ‘could, be construed. to mean from 


me “ “fifteen, to twenty times as great for.« clay as is indicated i in Table 6.4 + Likewise, 
Merrit 


bi 


i 


man’s list would indicate that a ‘greater velocity i is permissible i ina canal 
with a sand bed than’ in with either’ lay or or “éatth”, whereas sand 
alone will be eroded_by, lesser. velocities than any -pther. type. of . 


FEU 


t Proceedings, Am. So oc. ‘Septemiber, 1925, Papers and ‘Disc slong, p. 14 
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‘Even pure sand will bed and’ ‘until it velocity to 


| 


it” than “the” “transporting velocity?" which” ‘could ‘move’ the same sand 
flume of such material that the sand could not start “bed: down”. 


3 ft. per sec., n Merriman’ 8 list, ‘anid 5 pe per ‘sec! given in Table 6. 


that will scour a Wwéll’’set tanal bed, ‘the following 
d ‘statements’ ‘regatding soils’ must bé taken’ as general only." The’ soil types are 


varied and blend: from: né gradation‘to another and from “fight” to “heavy”, 
“through so’ many mineral’ and chemical mnddifications that 


where general! statements do ‘not? ‘hold. instaniee, ordinarily semd is not 
as having plastic ‘Properties such ‘as ‘ate usually” associated with day 
nd probably it seldom! occurs i in a. cohesive state'in a Yednal bed: “However, ‘in in 


a condition such sand ‘thay ‘have been mixed with eolloidal’ 


that would of ‘less cohesion’ between sand particles.» its 
rogress: down a river or canal such a’sand would ¢ probably have much ‘Of 


Hoidal material’ removed by attrition. It suggested by Macy Lapham, 
Th 


nspector for the Western Division, U. of’ ‘Soils, that ‘the colloidal 


As 
matter 80 prevalent i in ‘the waters ‘of the ‘Colorado River “may have come in a 


j the cant the’ Imperial Valley, California ot 
» In a paper of this nature; discussion of soils must be confined as ‘nearly ‘as 


Ei possible to the phases” as they appear to ) engineers and its lack of detail will 


allow any soil technician to, point out exceptions to-the ma de. rom 


that the: soil have. word) “silt, | for ‘their 


by. the river. engineer and the Jayman. nearly always x mentally associate 


silt and water. and. this i is borne out by, Webster, yet some, of the.great, areas sof ; 
soil of high silt content as classified by soil, technologists. were not waterrlaid 


but, derived from loessial deposite,, probably, wind- laid, On, the, other, hand, 
a “clay” is not immediately associated, in thou ght with water, yet the, fo ted ae 
inating areas 0 of arable clay soils of the Western: United States are water-laid, 


To on the soil materials listed. in, Table, 6, Column (AY: Fine sand, 


attraction one for another (There are exceptions, as: 


to the y various modifications of “loam” ‘there. may be more uncertainty 
word, “loam whatever the modification, with the possible exception. of 


rah loam”, conveys the conception.of friability. It must be of a low, plastic - 


property or it would not be a loam, A loam does, not * “clod, up” when — 

and when a lump is moistened the tendency i is for it to. break ‘down into a 


“rather non- -sticky, mud. “A dry Jump’ of loam crushes: freely" under'a boot! heel. 
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Glods of. silts. or clays give back resounding, resistance. when struck with a of 
“shovel, fh However, such clods may rapidly break . down i in water if the colloids | short 
are i in a flocculated state. The fact is to be accented that in soil- gests 
there i is no such pom as must exist, in a mixture. loam 
a. or may not yield a slick sticky mud when wetted by canal water flowing in | = 7 
# an excavation in such silts. . The: criterion of identity is based largely on the in t 
Ak state of the colloidal matter in the silts. If the silts were laid down. or filtered _ velo 
0 out in seepage while containing “ ‘effective colloids”. as defined on page 1400,* is be c 
particles are in, xtremely fine—status; while if they, were | enti 
a deposited as ‘aggregates or flocculated units, they not have the plastic attri- ‘en 
described by Hilgard, ; and quoted by the writer. + In‘an men 


TA 


Be. — lished paper on the silts of the Colorado River, J. F. Breazeale, Associate Bio- | 
chemist of. the U. Department o f Agrionltare, points out ‘that. 


lands ‘af Colorado, “Wyoming, or Utah, and. ‘from the “bad lands” ‘New 
AL 


Mexico and Arizona, This change is a physico- chemical, reaction. between 
ea the silt particles ‘and the particular waters that are encountered as the silt ¥ om, 


“travels down stream, This r reaction is. from a dispersed to af floc 

: fe at of 

culated state, a: and vice versa. 19 youd a8 ida of 3 


ash” or “lava ash” is popularly applied to ‘much of the. finer 

_ grained soils of agricultural value east of the Cascade Range, in the States he 
+ of ‘Washington, Oregon, and Idaho. The term, ‘ “volcanic ash”, is a misnomer — 
it 


this soil contains little or -voleanie associated a as to 


derived from dessicated sediments old lake beds and from the finely textur 
_ weathered particles of the basaltic: lava. flows. 8 When wetted it forms a slic k 


mud but without the plastic characteristics of the clays. Iti is friable when the 


moisture is dried out of the However, when wetted, ai as in a canal bed, 
‘this material—intermediate in size ‘between the loamy soils and the 


| velocities slightly greater than soils that are distinctly 
do 


‘The foregoing discussion on the characteristics of colloidal and non-col- 


- loidal materials ‘will suffice to explain the terms, “very” colloidal”, as applied . 
stiff elays and, “when colloidal”, or “when non-colloidal”, a 8 applie to 

graded’ material that may have fine silts or even particles of “clay” size or 


tale that are effectively plastic if in a dispersed state, but are not plastic ifin | 


up the individual discussions in the order ‘which they 
_ appeared: Mr. Muckleston} senses the difficulty i in soil determination as already is 
_ deseribed. i He also mentions the same problem later found in the discussion yi 


Ach. Soc. C.'E., September, 1925, Papers and Discussions. 
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AND scoBRY ON PERMISSIBLE CANAL VELOCITIES 


of Mr. ‘Weise;* that is, the’ of rapid changes in soil types” within ‘such a a be 
short distance ‘that no adjustment in “velocities would be ‘fea sible. 'sug- 

- gests | that alkali soils erode easily. This is true for most alkalis found i in the he 
with the exception ‘of black alkali (sodium carbonate) (See discussion 


| 


by Mr. Hart. “Other alkalis, being powerful electrolytes, flocculate ‘colloidal 


matter so ‘that it no longer has the property of forming sticky, ‘extremely 


Mr. | Chandler brings: out a a point that perhaps should have been 


This 


in the paper. paper deals only with 1 maximum permissible velocities— 
velocities just short of those that will erode a canal bed: Of ‘course, there may | 
factors, such as the need for silting of ‘porous channels, ‘which will 
“entirely, change the problem so that the velocities desired are just less" thar 
Kennedy’s 8 critical velocity or may involve transporting velocities, ‘as already 
“mentioned under Phase (0), 


mee. | to aquatic growth 1 that seemed t to flourish | in high velocities, 1 the writers ee 
_ have noted moss ay chute- drops where the velocities approached 40 ft. per sec., oo 
_ and, furthermore, this moss was literally ‘alive, with small worms, some sort 

» of larval growth. ‘Iti is suggested that the ‘ “swell” of water of such high velocity, 7 


carrying almost 30% by volume of air, gives the oxygen, 


“that makes this flourishing growth possible, 


The. writers appreciate the additional data contributed by Mr. 


_ Few ‘engineers have had the operating experience under ‘many conditions that 


has been his lot. For about twenty years he has operated canals i in the Moun- 


States and the rovince of Iberta, His comments are ‘authoritative, 
Mr. ‘Hart, makes” ‘an excellent ‘point "that has previously been overlooked 
although it involves most obvious hydraulics. a canal | loses by, seepage 
_ there i is a current available to. carry | silt and san down into the. origina bed | 


material, making it tough and well graded by ‘filtration alone. If the water- 


; table is such that the flow of ground-water i is inward 1 no. such eu current is cayail- 


“able and there is less. tendency for a canal bed ed to become. well, set. _ by 


by 
grading: of material, especially by. the introduction of. ‘the fine plastic 


‘Mr. Hill misunderstands the writers, he states that. they dismiss 


Kennedy’ formula, and theory as fallacious. Kennedy’s theory is accepted. 
: When misused the results : are fallacious. ; Kennedy’ 8 first edition of “Hydraulic — 


Diagrams for Channels in Earth, Giving Discharges, Mean V elocities 
Silting Data, ete. ” appeared i in 1895, Presumabl t the second edition, written 


in 1907, contains ‘his retrospect after years ¢ of applied use of ‘his formula, 


his title he mentions ‘silting data’ careful, perusal of this second 


edition discloses, that in no place does Kennedy ec confuse his. critical velocity 
with a velocity that will scour a set canal bed. Ry The writers do dismiss a 


as fallacious the findings: of later writers who have misintarsested Kennedy’ s 
data, applied it to scouring. data, -and ‘offered limiting velocities 


al, * Proceedings, Am. Soc. C. E, January, 1926, Papers and Discussions, eS 
rey Loe. cit., December, 1925, Papers and. Discussions, 

§ Loo. oit., p. 2087. 
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; tions i in the paper was that the canal bed should be well aged. Fo or newly ly made 


earthen canals based silting dat that any 


statements the paper could be with "5 


“theory i in general, of Hill's, discussion applies, more to a 
paper, on. the, silting of. canals. and. should be borne in mind by the Sub- 
nittee of the Society’s Special Commi tee 0 Hydraulics it 


en 


were 
ot and agarol en ti 


} 
far in this ‘Paper and discussion no mention been made of 


abd It is rather difficult to reply to Mr. Lindley.* It is regretted that he. was . 


not ‘more specific “regarding the Kennedy theory. Evidently, “he, like Mr. ] 


misinterpreted | the | paper as. disparaging to Mr. Ke ennedy_ and his work. 


The citations given by Mr. Lindley, have not been located. It is to be regretted 
that the valuable reports and professional papers “of t e irrigation engineers 
of, India, Egypt, and South Africa, are not’ more generally ‘available in ‘the 


“The data ‘in’ the of Mr. Rohwért ‘similar to to that ‘of Mr. 


in that it applies to silting transporting ‘velocities rather 4 


than to ‘limiting ‘canal velocities. His photograph (Fig. of cracked silt 


dt xg we 


eposits along the Arkansas River, is typical of ‘other rivers as well. — “Exactly _ 
rigeanyremPet exists in the Palo ‘Verde and Imperial Valleys of Califor > 


7 _ the silt coming from the Colorado’ River,§ and in the valley of the Rib 


‘ 


Mr. Rohwer's Fig. “docs” applet of ‘condition. 


Nearly all true ero osion, ¢ or more properly “Corrosion, Shows: ragged, _ pearly 


Me slopes, at least on one ‘side of the. excavation. . The tables given to 
_ show the movement of sand as the velocity increas apply to the ‘transpor a- 


tion of a sand prism typical of many canals | served by ‘water from the eastern 
sida. of the Colorado Rockies. ~The true beds ‘of these earthen canals are seldom 

exposed to view. This ‘condition exists in many of the concrete lined 
ca anals of | the citrus regi n of Southern California.” Here the concrete bottom — 


is often’ covered with a travelin load of sand ranging from isolated patches 


Mr. Houk{ adds | a ‘gteat deal: of pertinent data, ’ particularly as to the fact 


that higher velocities may be permitted in deep channels, for the same type 
| eh wrt =) it 

of bed material. It is a question whether some of his cited figures may be 

cortive 


applied’ directly to irrigation and power canals, - One of the primary assump- 


& 


_. * Proceedings, Am. Soc. C. E., January, , 1926, Papers and ‘Discussions, p. 114. aitie. 

Loe. cit., “April, 1926, “Papers and Discussions, p. 634. 

cen See discussion and views of Colorado River silt, by Harry T. Cory, M Am. Soc. Joc. C. E. 
Transactions, Am. Soc. C. E., Vol. LXXVII (1914), pp. 1223 et seq. 

4 Proceedings, Am. Soc. C. E., April, 1926, Papers and Discussions, p. oh 
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an. different set. velocities would apply. 


% shaking the water by proper. grade correction. “Some of the velocities cited 


= scouring effect, may had. too little ‘Thi ‘is that 
inundating floods, ; in n their first stages, Dick Up. a tremendous quantity of 1 


would cause a great lag at ‘the bottoms of the vertical velocity curves. 
«iti is conceivable that mean velocities of 10 to 15 ft. ‘Der sec. - might have bottom — 

of only Aor 5 ft. This would be particularly true over the usual inun- 
_ dated area, ‘grown over with more or less of brush and weeds. Given sufficient 


time, t protecting “cover: would be worn off and effective scour would 


The reason for not including the element of depth i s the lack of data 
as to increase in permissible velocities for in. depth. Mr. 


Houk ‘mentions the work of several of the best known Far Eastern irrigation 
engineers. It is true that their writings yield much light o n the ‘Subject — | 
ri of canal velocities, but all of them do not differentiate between pote velocities — 


as has been done in this paper. _ Specifically : Kennedy, as ¢ already mentione — 


: ‘is dealing with non-silting velocities over a bed of shifting material. He may ee 
have written on other: phases" of velocity. ‘Willcocks mentions scouring: 


silting velocities in several places; ‘not under a specific heading 
either of these subjects. Regarding scour, he says: 


léwe of scour are not quite the same as the laws but 
are analogous. Here the scour depends on the pressure which the water 

able to effect on the» particles, on the size and weight of the particles, on * <a 
_ surface exposed to the water’s action, and on the tenacity with which one parti- alts 
= clings to the next. Smoothness or roundness in the particles will dimin- 
Ee ish the pressure, but will decrease the tenacity. iy § mixture of various sizes 

silt will probably the surface on which the water can bear, and 
the water is is comparatively clear, and if 
re aaiintaa is taken of this clear water it can be utilised to scour out the as 
deposits of fine mud in the canals before the mud has had time to harden and 
Evidently, W illeocks was under ‘no misapprehension as to the vari 


~ of velocities to be encountered. Tt: is to be regretted that he did not devote = 
chapter exclusively to the ‘subject of canal velocities, bringing together his 

 seattered material | on this general subject. It may be noted in his, second 
quotation that he senses the writers’ premise of aging in a canal bed. 


- Buekley does not confuse the various phases of velocity and he has a table 


permissible canal velocities agree quite closely with a similar one 
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‘TER \ANDISCOBEY. PERMISSIBLE CANAL VELOCITIES 
with Table 4* (Etcheverry), and Table 6, Column (2). ‘Bellasis writes of silting 
a velocities ‘and transporting velocities’ only.  Parkert+ in’ a large volume that 
geen: inte’ some phases of ‘irrigation and other treats 
(Of silting velocities and transporting velocities but makes no mention of those 
‘classed under the'title of this paper. ‘He must have had the’ writings of 
Clibborn, Willeocks, and Buckley as: ‘well as those of Kennedy and Deacon 
ae ‘transporting velocities). ‘He may have be ced th ib 
on ting vel ocities). He may ave eer convince t hat ‘permissit 


at th the beginning of this discussion. nig, Ire, 


“Control of Water,” Second Edition, Lond, 1925. 


to be 


_ ® Proceedings, Am. Soc. C. E., September, 1925, Papers and Discussions, p. 1408. q 
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UTILIZABLE CAPACITY OF. ERS. 


Hitherto, the relation between the 


stréngth ‘and working strength of structural ‘members has’ 
 1eéduaity been a matter of judgment based on structural « experience, i illuminated — 
and supplemented by ‘the data o f tests ‘on parts and entire structures. It re- 
fi mains 80 to- day, and the ‘art of ‘testing, 4 in spite of its high development, has 
= ‘Hoe yet progressed t to the point of allowing the engineer to utilize it for definite _ 
verific ation of his design procedure or selection of his workii 
4 large part, ‘this shortcoming is due to ‘the virtual impossibility of f determining re 
‘2 service requirements and translating them into quantities commensurate with 


test val ues. The line Of progress i is ; strongly in the direction of placing safety a 


margins and working stresses on rational basis, however, and the author’s 


paper is of value in ‘inviting closer attention to this ‘Objective. 
fey 


aol te 


d ews aba andoned ar are brought forward ‘anew in the reversion t a 


‘has been brought forward. Occasional tests of’ and steel 


: -tidken from & structures: long in ‘service have in ‘no case shown recognizable weak- if 
ening ‘or reduction of ductility of the material. Moreover , the large-scale 


a experiments of recent years on fatigue endurance have ‘established that in steel _ ~~ 


| and other ferrous metals there is no ‘fatigue ' at stresses lower than ‘a certain 
Himiting amount, the endurance limit, which is not far below the yield polit 
in ‘edge of complete reversal ‘during: the 1 repetitive ‘stressing, and probably 


very near to the yield point for one-directional stress repetition. Stresses 
ermitted in structures are well below these limits, and the evidence is clear ‘J 


weer 


such stresses may be ‘repeated an | indefinite number ‘of times without effect 


n the metal . Thus, it would seem that there is no ‘ground for the reversion i 


t of fatigue ite connection with studies of working stress. 

a 4 ‘Further, some of ‘the data on endurance phenomena contained ‘in the paper 
are’ not in harmony "with experimental results. The investigations carried out 
Eby ‘Messrs. H. F. Moore and his’ associates, ‘at the University of Illinois, D. J. 


“MeAdain. at Annapolis, Md., R. R. Moore, at Dayton, Ohio, and others, give 


_. * Discussion on the paper by Henry 8. Prichard, M, Am. , continued from 
981 Apthor'e mi inion Iviidueb a aod gaol ead 
£ Associate Editor, Engineering News-Record, New York, N. 
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to sah: an _—" as the saa drop of the stress-cycle curves: 4 


3, * attributed to ‘Bauschinger. Parkert lane volume 


Certain unusual terms introduced by the author contribute to the. difficulty — 
of following an’ intrinsically ‘complex argument. Such expressions ‘a is “remote — 


fatigue” or ‘ ‘auto- -stress” are unfamiliar. Even the term used in ‘the title of 


the paper, “utilizable capacity,” is not wholly clear in spite . of ‘a carefully 


‘With respect to ‘the few structural members are subject to only 


single 1 kind of loading, and it. is, therefore, hardly Possible to consider 
% 

capacity, that is is, ‘the limits of service, without 3 at t e same ‘time considering 

he conditions of service. The definition | : given and the term itself seem to 


ze have t the sole | effect. of substituting for the concepts of breaking st s strength ai and 


Meld, point the unaccepted concept of structural 1 endurance funit. 


revival of. the term “Uses Limit Point”, coine 1 eight or, ten, years 


by the Society’ 8. ‘Committee on Steel Columns and truts, seems 


unfortunate. The term, was the o apparently of an attempt to dis- 
place, the, yield point by a compromise, between, yield PORN 


Sumit, _ It. differs, alittle : from the ‘ “apparent limit” of the ate 


J ohnaon,, M.. Am, Soc, C..E., an ‘ingenious approximation, to the 
limit, devised, to, give, uniform, , unambiguous definition of that limit,” No 
good. reason has been, advanced fe for modifyi ng the ohnson. limit and intro- 


_ ducing, still another point and seme into the ; already. confused terminology of 


_ the elastic behavior, of structural steel—a material whose, yield point; is well 
marked | whose resistance ito, load is largely dependent, on the yield. With 


respect, structural behavior, the establishment of an arbitrary int, some 


below. the yield point has no demonstrated. justification. 
Some Antereating considerations suggest _ themselves connection 
 “auto-stress.” 


This new term presumably covers mainly, initial ‘and. Renna) 


stresses. Ins such parts as gusset- -plates. and other ‘vital details these stresses 


may be important even for, uniformly ductile steel, especially . +m the load | 


Stresses are compressive. This fact constitutes 01 one reason for estimating stresses 


if in, q 


in, de details. rather ‘liberally , and ‘maintaining relatively, large safety margin, 


singe, such. concealed stresses are. not determinable by analysis or. test, but 
‘require ‘empirical allowance. On the other hand, s similar, stresses within, the 


‘mie body o of member. do. appear to be important. reasonably good 


fabrication and assembly they are. certain, to disappear before the strength, of 
“the member is. overtaxed. this, may be deduced consistently from. large- -scale 


tests, in which au uniformity of action is displayed that could. not be realized 


if the local constraints arising from rolling, fabrication, and other, sources of | 


~ “guto-stress” were not ironed out by the growing load. It has been held by 
any authorities | that, initial stresses. constitute o me important; element tof t the 


_ necessary margin between caleulated working stress and testing machine load; 


with respect to main this i is open to doubt. 


thor, has long been ¢ a . doub ful ‘point in in 


= 
4 
— 
— 
— 
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eee 
ecifications and structural p 4 


ce. Increased section ‘is provided for enibiers: ‘but 
questionable whether ‘there are tests or data . from experience to ‘support this 


pale; it'rests rather on tradition. far as it's eeks to provide resistance 
against the "greater ‘fatigue effect of of alternating stress as ‘éompared ‘with re- 
-directional stress, it cannot'be defended in the light modern 
endurance investigation. The loosening effect: of reversed stress on connec- 
ete dt adt of bree. 
‘tions shduld have consideration, and, ‘as common rivet lo oads exceed the lower 
limit of bond parts, ‘the ‘Provision excess 


to define structural strength “more precisely than has yet been <« done. — This 

strength, would | Seem, cannot be'a fixed ‘single quantity, but must be 


7% ‘related with service.’ The view that | one point should determine the | strength 


WER 


ofa member is not in harmony with practical appraisal of service conditions. 
Tei is certain that'some service resistances are related to ‘the e ultimate strength, * 
that is, to the the actual point ‘at which a member breaks and other resistances to 


stages of the clastic behavior of the. material. OF 


hai The understanding of these relations is is slowly progressing. Several attempts 
have a made in recent years to approach the determination of factors of 
“aalety oF or of working stresses rationally, although so far without marked suc- 


z a “There are still too wmany variables, tc too many indeterminates, i in the | 


Tem ‘to permit of full rational ‘analysis. Yet, even to- day, it i is ‘possible to 


set 
i some general conclusions from known facts and structural experience as 
starting point, following items may be noted, forexample: 
i 


i} 
- a Under steady, slow, and frequently occurring load, a member i is likely 


to be ‘formed to destructive degree if the load passes its yield point. tek gut he 
(2)... Stress at points of changing section, holes, and flaws does 


a rage steel a 88, long as the mean stress remains 


The | small, high- or mosiillatkins of 
present in all or nearly all steel structures should be considered as a ‘possible © 


tax on fatigue endurance when the main stress. is beyond a certain limit. Thi ; 
= a limit, which i is ‘not yet ‘known with: certainty but probably is at or somewhat 


4 above the e yield point, therefore is to be rated a as the e ultimate strength for ‘eal : 


moit structures to a degree that makes this point not definitaly' in addi- 
ion to provi ling arning of over-stress, lo 


5) ‘Under single, ‘suddenly applied has unimpaired re- 

sistance nearly up to its breaking strength, M 
Stresses. set up ij in elastic distortion, or secondary stresses, are in most 


7 
(but not all) instances self- limiting’ in ‘character, tending ‘to disappear | by a 
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fore they can contribute. to failure, 518 oldaaoitoup — 
eo Saenentng of this kind. seem capable of providing a starting point for, aa 
approach. t to the desirable, end ‘of 3 rational, determination of working stresses 


safety factors. For the present, the best that can be, said i is, that the prob- 
_ lem is not now amenable to mathematical calculation but must be tested, by 
experience of ong service, and to this e extent the work of the ‘immediate future 


likely to depart from the course-outlined by. the author. 4 


Henry 8. M. Am. ‘Soo. BE. (by letter). +The writer's reason 


15 ze for introducing the new term “auto-stresses” is that there is no other! term 


ho A which, considered by themselves, without regard to others from external forces, Pic 


that indicates. precisely those stresses and only those stresses within body 


form a. balanced system... The term,‘ ‘initial stresses”, is frequently. cused: 
sage auto-stresses but is not suitable, ‘Strictly, initial stresses are. those 
which exist in a body | before an. experiment or before an episode of, loading. a 
include. the auto- stresses existing, beforehand, but they also o include 


stresses: from the body’s own and those. from slight. loads applied. in 


tial, 
s that occur an. ‘experiment F 


‘Resi (remaining after a part has been away’), a as 
applied to stresses, not precisely ‘take the Place of “auto” 4 The writer 


not know of 


| el wt 
“The writer regrets that he has ailed to enlighten Mr. Turner} regarding d 


the fundamental facts on which the utilizable capaci of steel members of oN 
structures’ depends. He is confident that ‘to most of the in telligent and 
"thoughtful readers, and hopes that to the’ average reader, the presentation of 
the rega: auto- will not (using Mr. Turner’s pliraseology) 
“prove ‘more’ confusing * * than blowing’ hot and cold with the same breath 


did to the satyr in the fable” i Be this 2 as it may, the facts ‘themeelves' can 
ne 


ot be altered because of confused ideas or preconceived notions; but it’: may 


be helpful to quote the previous clear presentation, or rather anticipation, of ; 
some of the facts by dn eminent engineer.and physicist., tis 


In 1848, Professor J Thomson. (the elder’ brother of Lord Kelvin) 


published§ the > paper. from which the following. excerpts” were. taken. 


assumes, a case in which a round. is twisted beyond its 


je virtue of their ductility, | those toward ‘the interior successively reaching bs q 

“TF, after this, all external stress be removed ap the bar, it will assume 

ap 

a position of equilibrium, i in which the o uter bes es. wart be strained in th “ 
Analytical Engr., Am. _ Bridge Co., 
Received the Secretary, March 15, 
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opposite to that: int whieh it was twisted, and the 
i same diréction as that of the twisting, the two sets of opposite conghell mss : 
among the particles of the bar balancing one another. * Prin- 


4 


the in which it has cast. “The ot outer portions cooled apd 
have: therefore contracted, while the inner ones still continued expanded by 
} heat.’ The inner ones! ithen contract as they subsequently cool, and thus they, aby 
as it, were, pull the outer ones together. That is, in the end the outer ones 
are in a state of compression and the i inner ones are in the opposite condition, | 
“The foregoing principles may ‘serve to explain the true cause of “an im- 
fe - - portant fact observed by Mr. Eaton Hodgkinson in his valuable researches i in 
t regard to the strength of cast iron (Report of the British Association for 1837, ve 
oe 862). He found that contrary to what had been previously supposed, i 
strain, however small] comparison to that which would produce rupture, 
‘ ‘sufficient to produce a set, or permanent change ‘of form, in the beams on which _ 
“Tt appears to me. that the. defects which he (Hodgkinson) has shown to 
occur even with very. slight, s strains, exist only when the strain is applied | for < 
t the first time, or, in ‘other ‘words, that if a beam has already been subjected — 
toa a considerable strain, it may again be subject to any ‘smaller strain in the ne 


3 same direction without taking a permanent Ino to, 
vil ‘This remarkable prediction has been by the ‘subsequent ‘experi- 


in”, 


‘il found that while the first subjection “to a considerable strain”, within 
causes a great ‘improvement in elasticity, it requires a cycle of applications 

3 perfect it. Professor T Thomson proceeds by a pure effort of ‘scientific 

q ing, and without any tests on the subject to guide him: odd ai ofdia 


4 seem to me to show clearly ‘that there 
exist two elastic limits for any material, between which the displacements or 
_ deflexions, or what may in general ‘be termed the changes of form, must be con: 
‘- fined. Af we. » wish to avoid giving the material a set, or, in the case of variable 
a strains, if we wish to avoid giving it a continuous succession of sets which 
‘would gradually bring about its destruction; that these two elastic limits are 
i 4 amally situated one on the one side and the other on the opposite side of the 
position which the r material assumes | when subject to no external strain, though 


a + they, may, be both, on the same side of this position of relaxation; and that they 
43 


may therefore. with propriety be called the superior and the inferior limit of 
‘the change of form’ of the material for the particular. arrangement which’ a 


material but that, if the of form be continued beyond. either, limit, 
new limits will, by means of an alteration in the arrangement of the particles. 


_ of the material, be given to it in place of those which it previously psc — 
Lord. Kelvin thought so so his brotl her 
in its entirety in his ov own nota 
ath Ewing, Bairs Ww, Staunton, Rosenhain, B 
physicists and physical metall lurgists (a none of whom by 


having’ the. advantage of the previous i ‘investigations 
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elvin, ‘Tomlinson, Wohler,. and Bauschinger (all of whom are mentioned by ; 
‘Mr. Turner), advanced : the science of physical metallurgy considerably beyond 


the point “reached by the earlier investigators. — Some of Mr. Turner’s state- 
ments regarding fatigue and | the effects of strain are far from. orthodox. 


we 


Experiments by the foregoing eminent investigators will his.views;some 


a AA of their ‘Tesults, already quoted by the writer in a previous paper,* ‘prove their + 


gt ai Ji. codw.got: of add od ot. anes on 
Mr. ‘Turner states “that rupture of ductile metal under ‘Wohler’s 8 treatment 


, takes place without plastic. elongation”. Tn eases of rupture under . alternate 
compression and tension in bending, like that described previously by Ewing, 


_ ‘Tupture occurs with very little plastic deformation, but where a bar is ruptu ired j 


‘cycles of stress in tension there o often, is, ‘considerable plastic. deformation. 


es. showed that in repeated loadings fr sq. ‘in. no “pen of 
want of elasticity. occurred until ening when ‘a permanent exten: 
in the order ofa: a yield t took place.” ad q 
aTu 
The writer wishes to go on record emphatically against Mr. Turner’s 
men that “these working stresses and | proper a allowances need be no lower A 


a fo or a range of stress tension to | than, for. one e kind only”. 


ing either rupture or undue permanent set. is likely to cause rupture: aif it 


occurs frequently in, alternate tension. and compression. Moreover, alternate 


stresses 4 severe on end connections... The writer, has. seen 


‘sible in increase in n the Toads that produce them. 


The writer seen a ‘column that was perceptibly twisted by ‘of ite- 


yeas but for centrally loaded columns Mr. “Turner attaches ‘too much im- 


portance to this. consideration. Columns should be designed with forms and 
proportions of cross-section that. offer considerable resistance to. torsion ; but 


& beyond this point tests do not seem to indicate that superior resistance - to tor 
‘sion appreciably adds to the resistance direct compression for equal ratios 


of Iength to radius of gyration, ‘The writer is p leased that “form of section” 
4 is ‘included as a sub- division of the subject of ¢ \ ‘steel column research” outlined 


in the Progress Report of the Special Committee on this subject: 195d 


ag ‘The last paragraph of Mr. Tarn er’s discussion, the one in which he dis 


cusses faults i sin the tl theory of flexure, contains | the ‘amazing statement t that dl 

writer 1 appears to suppose that the disregard of of shear strain increases ‘the max- 

mum fiber stress at points ¢ of greatest deflection. In dealing with faults in the 


: ‘pes From writings of Bairstow, Transactions, Am. Soc. C. B., Vol. LXXX (1916), p. 1512; 
of Rosenhain, Transactions, Am. Soc. C. E., Vol. LXXX (1916). p. 1520. See, ‘also, explana- 
tion Ewing, Encyclopedia Britannica, 1ith Bang, Pp. 1019. 


Nal.” 85: see, also, discussion 


8, 


or instance, in Mr. Bairstow’ ’s valuable papert o on the range ‘of the clastic a 
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on 


id 


theory ¢ of lid not mention o or. indi rect 


by implication to & point or points of greatest deflection. ty goltenifoii 


The supposition, imagined to be: the. writer’ 8, appeared to Mr. Turner and 


he combatted it with. ideas r regarding and, continuous beams ; and 
“when he h had disposed, of it to. his satisfaction, he inquired, “Ts not much of 


‘the mathematical discussion of ‘the > paper based on assumptions which are unre- — 


lated to ‘the. facts The ‘writer’ analysis was confined to beams simply sup- 


ported and uniformly loaded either over the entire Tength | or over any shorter 

distance symmetrical ‘eah. respect to the center line; and for such beams both f 

the maximum fiber stress and. the. ab the 
by, correct theory both are great er than in indicated by t the ordinary theory nape ae 


No ‘attempt was made in t paper to analyze the true theory, of flexure 
of restrained or continuous beams. The reactions indicated by the rue ‘theory a e : 


would differ somewhat from the reactions indicated by the or dinary theory and Chalk 4 


in some Chided of restrained and continuous beams this would tend to reduce a 


“von Fabrice “discusses “Beams”* in a itl which he states: 


“Tt is difficult to understand why the old and approved theory of flexure ‘should ; oe 
be ‘revised for | an ‘empirical formula afflicted with 50% factor of error. aban 

OF The rdinary theory of flexure obviously neglects the influence of 
on cross-sections. Ananalysis ‘of ‘beams and girders | simply 
tad e to ascertain whether, j in consequence of this neglect, the ordinary theory 

was in any such cases seriously in error and, if 805 in what 


One Believing such an analysis and its 1 results would be of interest to engineers — bya 


satin 


it was published. The method. of analysis was to determine ‘approximately the 


reentage, which theoretically should be added tc to the intensity of 


The writer’s ‘attitude Pei is well in the “That 


‘} theory has long been approved and has stood the test. of long experience is a 
and strong: argument for continuing to use it; but, as regards concen- 


hacen 


$ trated loads and short beams, the > ordinary theory has not been approved, and 7 
as regards these points, it is theory supplemented by good practice whi ich 
‘Stood: the test of experience. In this regard ‘Mr. von Fabrice has “himself 


provided the 2 answer to. his criticism in his discussion of. “Shear.” 


Wath respect to that part of Mr. von Fabrice’s discussion which has to do 
with, his Fig. 5] (a), and (c), the writer refers those interested (and all 
engineers ‘should be interested) to a discussion] of a paper entitled “Effects 

Straining Steel and W: rought Iron.” This discussion contains 

of. some instructive microscopic examinations of strained iron, it was shown 


“that plastic elongation took place almost, ‘entirely by ‘successive diagonal 


slippages over. one another, right. and to. left, of the: layers within: 


Proceedings, Am. Soc. C. B., February, 1926, Papers and Discussions, p. 349. 


Loc, .cit., November, 1925, Papers and Discussions, pp..1777 and ont 
§ Proceedings, Am. Boe. E,, February, 1926, Papers’ and ‘Discussions, 
Wfransactions, J on Boe. Cc. Vol. pp. 1503- “1522, especially p. 1822 
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NC OF STRUCTURAL 


-erystalline of which the metal is composed, without a 
‘the’ inclination of the grains. There is no reason why such slippages should | 
not. similarly take place i in \ plastic shortening ‘under compression, and there i is 


good reason to Suppose e that they do similarly take place; ‘in’ other words, the 


ysical phenomenon of plastic deformation under compression is in all proba- 
bility similar to that under tension, except that each grain becomes shorter | 
and wider under ‘compression instead of becoming longer and “narrower, 


involves an increase in rate of st rain over the initial value amounting to 50 cons 
if rather than t the 100%, of ‘the | ULL P., suggests that, “a more > extended statement ; p nari 
from Mr, Prichard as to advantages of the U. L. ; elastic case 

limit would be of value.” ‘Mr. Woodrufft ‘inquires, ‘ at is the ‘utilizable 

capacity’ of a structural member?” and he adds, “according to the author’s 


definition, it would be permissible to. stress a a member to. its “utilizable 
capacity’, a basis for discussing these points, suppose that a steel works 


which rolls ‘shapes and plates and i is known as “the | Mill”, retains a consulting 
He - engineer to. design a sample column, of a given length, the ‘purpose being to 


bo. 2 build a considerable number for testing and, if the tests are satisfactory, to 
build a large number, all like the sample, for a customer. 


Am Mill desires that when the columns are loaded with (a) a gradually 4 


a increasing load of twice the working load; or (b) an oft- -repeated load from 
sero: + 


zero to t twice the 1 working load; or (c) Py long- continued static load of. twice 
a ile working load; it will not (1) fail; or (2) acquire an undue permanent. set; 7 
or (3) injured; or (4) deflect unduly. The Mill also desires that 


the columns ‘shall have as little excess section as practical. ‘ais 


‘The consulting engineer is ‘free to select 2 all. the material required from 


x which to make specimen t tests, and he is afforded every opportunity ae 


, 


the ‘specimen tests in any way he chooses. Doubtless he would make a number 
Aa of specimen tests and a ‘few tentative designs before finally deciding on the 


t design from which the test columns will be built, and he would doubtless adopt 


or originate a method of procedure. piqaue seeds: gt 


+ If In testing the full- sized columns, “twice the working: loads are applied 


under Conditions (a )» an and with the: ‘eccentricities to which ‘they are 


(2), (8) » and (4); and if they are again tested tender ‘slightly increased 


ay rT loads and fail to meet one ‘or more of the Requirements (1), (2), (8), and (4), 


the consulting engineer will have ‘accomplished his purpose, and the Mill will 


8. 


r: supply its customer w with columns that, as 8 nearly | as can be ‘foreseen, have a by 


‘The attention of engineers in general, and Mr. Woodruff in 1 particular, is a 


—ealled to the fact that. a factor of safety is necessary (although it may. not be 


the factor of _two used for ' illustrative purposes: in the assumed case) for the 
 peasons: that i in spite of the best intentions, the actual loading may exceed the 2 


is _ * Proceedings, Am. Soc. C. E., February, 1926, Pap 


and 844. 
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his determinations may ‘be deficient. 


limit, in utilizable capacity, he considers that 
additional load permitted by the (as qualified i in the paper) will not 


general, the consulting er engineer’ 's most difficult problem will be to 
~ mine the eccentricity of application of the loads: (restraint of the ends being = 
_ considered i in terms of eccentric application), as it is a _ problem which, ordi- a 


narily, does not admit of close mathematical determination. ‘Such being the 
case, it does ‘seem to. be somewhat irrational, as Mr. von Fabrice points out, 
to “specify precise formulas for the influence of length « ‘on utilizable capacity 


or on permissible loading; but every engineer writes 8 specifications: for the 
de esign of structures ‘gives a; formula or formulas for columns, and if he distin- 
guishes between steels with different characteristic P. ’s he ‘should make 


_ the formulas consistent one with another. | In a paper like the writer’s, "how- 


ever, attention should be called to the fact. (as i it has been) that i in determining, - ¢ 


as nearly as the utilizable capacity, such fortiulas ‘should. be used 


Be The writer considers ‘that Table 12 12," used with judgment, sl 
utilizable capacities of columns, a and he hopes that 
engineers will find it useful in n devising formulas for alloy and other. btecls 


with! high U. L, ‘(assuming t that they will for a time continue the present 
4 


| 
practice of specifying the same f formula for all steel of the same 


chemical ¢ composition) ; but he “realizes the justice of Mr. ‘vo 
criticism that’ “Table 12 cannot be readily un derstood” ; —— 


> 


explain some ‘matters | in and regarding the sa heontian The first four parts were * 


originally written as a monograph on the subject, “Perfecting of Elasticity of © 


‘Steel ‘Bodies by Modification of Auto- Stresses, and the Development, 
_ Repeated Cycles of Stress, of F ields of Seemingly Perfect Elasticity of ‘Chosen 
‘Range and Position”. 7 ‘Ity was the original intention to present the monograph 


to the Sotiety as a contribution to pure science without regard to its applica 


‘tion to engineering ‘practice. Its ‘incorporation as ‘a part of a paper on 

 “Utilizable Oapacity Steel Members of Structures” ” was an afterthought. 

1, 2, 3, 4, and therein give a collection of the results of experiments 
by others, and show for various cases the limits within which elasticity has 


been perfected. The explanation of the perfecting of élasticity by ‘modification 


auto-stresses is’ ‘the writer’ s adjustment of the ideas, previously referred to, 
of James Thomson to the discoveries of Beilby, Ewing, Rosenhain, and others 
as to the nature of deformation of ok 
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be can n be developed i in different specimens from the same piece of steel crane er 
Ms edly straining them in direct tension or compression through extreme ranges 7 
of stress with different upper and lower elastic limits. if the ranges ¥ were any 


greater’ and the upper limits any higher the specimens would eventually: break. 


‘The terms ‘and expressions used in the first four. parts of the ne ‘paper. were 


chosen’ with reference to close reasoning and definite meaning. 


Assumption for \ Distance trom Axis of Coloma 
Medium to extreme Fiber, of concave Site 68 lexure 
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6.—THE RELATIONSHIP oF LENGTH or COLUMN, Uservt Limit PoInt, 


Among the of, , as given by. Professor Unwin, 


,» 9, 11, 12, and 18 on Fig. 8, which indicate a 


strange in the diagram in the way of a decided terminal drop after 

perfect elasticity had been indicated through millions of ‘repetitions. 

‘This. is not in accord with the general indications of the other. tests in the 
tables. nor with the writer’s. explanation of. the. perfecting. of elasticity 
‘considers it highly probable that there were special « circumstances which \.caused 


* this. anomaly but he could not find information to confirm this view, so he 
t 


* included the tests in the paper, with qualifications as described therein. He 


+ was in hopes that some reader could contribute information regarding them. : 


To distinguish the. superficial indications of, this anomaly. from, Permanent 


fatigue, as previously defined, he used the term ‘ ‘remote fatigue” 
After it was decided, to incorporate the first four parts paper on 


capacity, the lines termed, ‘ ‘Critical Deformation Point i in, Stress”, 


vo 


were added to Fig. 1. t _ This critical deformation point occurs somewhere in 


ss * Proceedings, Am. Soc. C. E., November, 1925, Papers and Discussions, p..1743. 


exten 
4 Was 


defor 


— ° °°» 
— : 
ji. be el 
— 
pullin 

ij. 
load 

ort 
— 
— tou 
( 
as the 
— 
dire 
— fati 
«Tata 
| 
— 
— 
cons 
— 
— whe 
— upp 
a 
| 

wou 
— 
- 
— 


Sinusoidal Curv® 


‘Sometimes the zone of yield 4 is of zero length: be Sometimes the yield shown 


celasti¢.1 limit were reduced. Regarding repetitions of stress to capacity 


eld which from “the where the to 


ime to the | stress, to; the yield point, when there is one. 


palling: tests is deceptive. In at extreme case (Test, 7934, ‘Table 10*) so of 


steel with a maximum tensile strength of 48 240 Ib. per sq. in. seemed in 


careful. pulling test, to be perfectly elastic to. 40 000 bb. . per sq. in. and had 


UT, B. of 40 600 Ib, per sa. in. » OF, 84.2% 0 of the tensile strength, and + then the 


dropped. to 80, 000. Ib. per sq. in. Valuable information. on subject 


_ was obtained i | in one of Bairstow 8. experiments. on. axle steel, with a yield point 


BAT 


800 Ib. ; per in, which in repeated loadings from 0° to 46 400 ‘Tb. per 


sqin., showed. no lack of elasticity 1 until after. 6 00 when a permanent 
extension, of the order of f the yield took pla lace. The first yield point observed ~ 


not a. true. criterion as. the ‘yield point under repeated stress was 3 800 


bag? 


mk Some engineers consider the limit to approximate proportionality. to be 


Columns. and. ‘Strutst adopted the U. L. P. (the ‘point where the plastic 


‘in deformation, whereas the Society’ 8 | former ‘Special Committee 0 on Steel 


deformation. just equals: the elastic deformation) as critical. For | specimens. 
“sed a as criteria for full-sized members the writer adopted 87% of the U. L. P, 


or 60%. of the tensile strength, whichever i is the smaller. 
After ‘Wohlers experiments were published Launhardt and others developed ie 
: formulas to‘indicate the loci of the | upper elastic limit, under eycles of stress, ss Say 


beyond which failure would ‘take’ place. In the ‘past many engineers 
‘ these formulas as criteria on which to base working stresses, and _— continue — 


n point as the criterion, and this ] paper is in 
with ‘his record in this regard, but, in the light of experiance, _he now oe at 
the position of the point somewhat. lower than formerly. _ 


"deformation ‘point is somewhat too high a member under 
directional | stress from zero to the point chosen “may fail from 
fatigue, while s stress from a minimum tension or compression of appreciable 


_ intensity, to the point ch chosen as critical, may cause undue deformation. — a By = 
adopting his “method of selecting “the critical deformation point, the writer 


| considers: it likely that he has escaped both these possibilities. 


the speed was 2 cycles min, or 800. Above 800 range and 


lis 


under the conditions ‘of actual service Me is conjectural whether the range 


and upper elastic limit would differ from those recorded, but unless the range he 


would be Tess, it would not affect the criteria advocated the paper for 
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PRICHARD ON CAPACITY OF STRUCTUR AL STEEL MEMBERS (Papers. 


For alternate stresses attention is invited to the well-known specification : pil 


“Members subject to alternate tension and compression shall be ‘propor- 
tioned for both kinds of: stress separately considered, but each kind shall be 


ag as increased by # per cent. of the les lesser stress.” teat poillyy 


Suppose. that, ‘for, purposes of analysis, the factor of safety is discarded ; 


he 000 Ib. in' the table, as ‘that i is 
for axle steel, 48 000 Ib.; and he 


a ; and that a aged value of x is chosen for each 


toa shown i in Table 1; the shanceogen: per square inch plus the ae gp per square 7 
inch, 1 which is the “ ‘range”, » will: then be i in | each case up ‘to, or nearly up ‘to, 
the g greatest 1 range which can be indefinitely r repeated w rithout’ causing failure 


in Table 4 for every case. stresses, (a) that a an addition 
has to be made to the greater stress before the proper cross- sectional can be 
"determined ; (6) that the percentage to be added the lesser stress varies: 
in ‘some \ way with the tensile strength; and (c) that, with the p percentages of 
increase determined by experiments, the “well known specification” seems to be 
well supported by’ the experimenta. The writer does not know who o originated 
ir me i) the “well known specification” or how he derived it, but it is shown in Table | 
24 that share are tests to. support, it. It is generally recognized that reversed 
Be =A | severe on end connections of members. It seems reasonable to 


‘infer that they are also severe on the connections between the layers” 


of t e grains of the stee bare 99 he eoqdo 
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possible range, 
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inch, 


Tensile strength, in 


pounds 
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factor of safety 
lus compression, 


fn pounds per square inc 
unds 
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ension,in — 


po 


cified unit stress allow 
in 

as 


Tension plus 


compression, in 


ee 


persquare inch, 


in pounds 
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ing no 


from Table I, in pounds 


Compressio: 
Tension plus compr 
Greatest 

tension 


| 


2 


|. Spe 


92.000 
80 .000 
89.000 
88 .200 


58.000 


|| 


é The writer is aware of the tendency to provide no additional cross-section — 


to tension n and « compression 1 members on account of reversed stress. . When 


engineers very properly discarded Launhardt’s and similar formulas, 
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are by bending, for which trends! btrain 
are very different from those of tests by direct s stresses. _ Bending tests are so 
‘affected by auto- stresses developed i in testing t that t inferences from them as to 


ore 


the behavior of members under direct stresses carry ‘little weight a: as compared 
with tests by direct stresses. { Such of the pertinent bending tests as the writer 


has analyzed, however, tend” to support ‘the ‘conclusions reached, the 


pa 


one i “point i in stress” The U, L. P. is sometimes 80 higl 


should. To ‘substituted ; ‘the liability of failure 
critical as regards members subjected to direct alternate stresses, but. the 


‘liability to ‘undue deformation i is the consideration which limits ‘the capacity 
of members subjected to, stresses one direction, In ‘some cases ‘the 
degree of stiffness limits capacity. etails are supposed to be stronger Ci 2 


the member as a whole, but eternal | vigilance is advisable in this” regard. 


Some allowance is made. for dnevitable_ defects in workmanship, but good 
and ‘intelligent i 


nspection are highly important. course long 


ns 
endurance is ‘dependent on protection of structural members corrosion. 


SIE : 


& 


a the “well known specification” cited. nsiders, ithout good reason) 
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| CONCRETE PAVEMENT 


By Lewis A. Perry, Assoc. M. Am. Soo. Et 


Lewis Penny, Assoc. M. Am. Soc. . (by letter). -A review of 


discussion indicates that the writer has wrongly made the paper too brief, 
‘a 


the reader's 8 of facts and theories implied, , rather than 


to the added breadth. Wie 


slab fractional hexagonal in F It is surprising that 


this ‘point has been missed or considered some members. ‘Slab 


‘ (a), 10 by : 20 ft. 2 iS typical of of the design of the excellent pavements built by 


the Highway Department of the State of Washington ; “Slab (0) 3 is. ‘identical 
with those shown in F ig. 6. In the ‘design ‘of ‘the theoretical slab, indicated 
_ by the upper diagrams of Fig. 14, end concentrated loading was assumed, the 


slabs then being inverted and computed as simple beams. In both cases the 


-sub-grade_ is assumed. to ‘0 be uniform, and resistance to ia. not consid- 

ered. _ There i is also” a fallacy. of compensating bearing values | at the ends, but 
a these conditions are ¢ common to both slabs, and as ‘the loading ‘and depths 
are « equal, the resulting v wide difference i in the failure areas is a true indication 
of the : superior | value of Slab (b). ‘ This value, of course, will be realized first — 
when “curling” ’ occurs, and contact with the sub- “grade at the ends of the slab 
lost. The fact that the distance the loads i is not identical has no 
bearing as the distance between concentrations varies in actual practice. 


_ should be borne i in ‘mind 1 that these loads s are not actually maximum safe loads, 


but are theoretical values used to compute moments. _The actual safe load 


of Slab (b) is probably - four times the load used here. In these computations 
‘piai ain concrete is. assumed to be stressed to =. Tb. per sq. To simplify 
omputations deepened outer edges ‘are omitted, although in in practice both ¢ 
"designs include this feature; also, shear bar connections along the inner edge 
of Slab (a) are re not considered because ' they | do not serve the companion slabs ‘ 
when both are similarly loaded, and further because the effective life 


ae should be noted that the dimensions of Slab (b) “might be varied to 


—13839 


April, 1926, Proceedings. re of. the fendenes rove 
Constr. Bner., The ‘Longview Co., ib Longview, 
nang Received by the Secretary, April 1, 1926, 
Proceedings, Am. Soc. c. November, 1925, Papers and Discussions, p. 1801. 
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riter has constructed some 20-ft. pavement by each ‘method buts practi- 
cally no cracking or breakage has oceurred in either it is not possible to state i, 
which will show the | better b behavior. slab, 


w |5000 Ww 
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“tale 


rood 
and, 
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"The lengt hs of joint filler in in these tro designs are: 

‘Hooper’ 8 objection’ * concerning the quantities of joint ‘filler 


question of the advisability grouping of free slabs dis- 


llustrate | _sub- grade. fluidity. elasticity This not. seem 


The writer believes. that something more satisfactory than either. the. steel 


bs «she tie, or absolute slab freedom, exists in the “dummy joint” developed by os 
Messrs. W. H. Tiedeman and H. F. Faulkner, Assistant City Engineer ‘and 


“Engineer of Tests of the City of Seattle, Wash, respectively. This ' “dummy,” 
which ‘is a narrow. strip of joint. filler, ‘js inserted, with the aid of a T-bar “ 
into the plastic: concrete after finishing, and penetrates about one-— 2 


hird’ of the depth ‘of the! ‘slab; subsequent. cracking is then controlled ‘and 


* Cc. B., January, 1926, Papers and Discussions, p. 160. 
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“PERRY. on ‘HEXAGONAL, DESIGN OF PAVEMENT 


‘that, the writer, considers, very Complete joints, are’ placed. “4 


“easily. and i is s excellent i in appearance; the. is now using itiin connection 
with the hexagonal design. ula al od tailed wide ‘ite doidw 


Professor Hooper has evidently meant by his. reference to the ‘ 
E topography, climate combination,” that, in| his } opinion, the tests reported do not 


efi We 


"define t the fitness of the slab design, ‘because these teste:were not correlated 


sub- -grade studies. ‘The’ writer cannot think of anything that would» 
4 Pe have detracted more ore seriously fro from the vi value of the | paper than to have con- 4 
fused slab structure with soil ‘mechanics. The latter er subject is a 


_ hensive study in in itself, which ; at ‘this time is being given the thought of some 


the ablest engineering ‘minds, it is to be hoped that they w will arrive at 


ne something ‘more definite and scientific than reliance on human judgment. 
The writer is, as yet, unversed in the science of soil mechanics, and the — 
assumption that this | ignorance ‘condones illogical slab sizes and shapes w would q 


be evidence of unfitness for ‘the tasks | before the engineer. The q question of | 


slab design and soil are equally important. ; A good slab will fail 
poor slab will fail ‘sub- prop- 


on 


_, “It is conceivable, therefote, 


‘the hexagonal slab would break down under as ight or Salts traffic than the a 7 


4 Except i in 1 the rare cases where street widths, and other conditions efiasing 


WO 


traffic lanes, are fixed for all time, load concentrations must be considered — 
Re to be generally distributed as to transverse location ; _and that even if tele. 


is temporarily localized “(“traffie” 4 is ‘generally understood to mean standard 


“motor vehicles up to 12 tons, which, however frequent, ‘should have no effect 
on a well- designed and well-built concrete pavement*), the ‘great majority of 


as s heavy construction These initial failures then progressively 
expand ‘and become increasingly evident standard motorized traffic 
that the layman aad sometimes fails 


writer ‘has determined to his” Own watisfaction, ‘from a 
hexagonal, pavenient slab will fail at about 12 tons, on corner; or 24 
.. Sub-Grade,—Uniform and sandy and. not less than 1 500 Ib. per 8q. value, 
onorete.—65 U..S. gal. per sack of cement (about. 4.400 Ib. per ea. in. compression). 
F Mi uring.—10 days under water, 18 days drying in air. ‘’ Average’ daily temperature 60° a 
Size of Stab.—16 ft. across opposite corners. ily 
By ssing concrete one-third its ultimate strength. this. type, of 
eminently fitted for 8 000- Ib. wheel loads, but the writer would recommend heavier slabs 
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on HEXAGONAL DESIGN OF CONCRETE PAVEMEN 


NAL DESIGN OF 


traffie—even en admitting Utopia exists where the American motorist 


even temporarily drives where he is wanted, and the } power shovel goes some- 


where else, which to desired—the ‘designer’s plans have seriously mis- 
weiter has in mind an instance that be illustrative. In July, 


“along 21st Avenue, Longview, Wash. ‘pavement was ft. ido and 


rectangular), and the concrete about 12 months Cars were next 
to the curbs in places, which forced the movement ‘to the center 1 


brought concentrations: ‘on ‘slab corners. ‘Thirty- six comer ‘fractures 


oped, which under subsequent standard “traffic “suffered to the extent that 


repairs” were necessary. Later, the same load was moved ‘over an adjacent 
fractional | hexagonal slab , pavement, also 24 ft. wide, but only 5 in. thick, and we 4 


8 months: old. same conditions of loading becurred and the sub- 


grades on the two streets were identical ‘Tn the latter case ‘no fractures of 
any” character have “resulted, ‘either from this loading or the subsequent 
standard traffic, Since that time many such instances, permitting compar- 


- isons of the two types, have occurred, which fix in mind | three facts, namely: 
the mage and. 0195 loads that amount to probably. only of the 


"duces, if not. practically. climinates, this breakage. 


oii It may be true that State or city Jaws should ke enforced to prohibit abuses. 


: 


certain heavy... tools, which must. go from; one to! ‘another, 
manifestly unjust to build with public funds. improvements suitable for 
6. 1% of the traffic, it is also improper to disregard design refinements. which a 
materially inerease logdini. papacitios without aiiditional op cost. 


assumptions concerning. the! transverse location of. traffic ‘on a wide street. 
‘The situation changes with parking restrictions, density of traffic, crown of 
Street, » and future widenings. It is correct, therefore, to. assume that. any 


spot t between curbs w vill be found and and to try to eliminate 


with sacrifice of street ‘appearance. d Tie. 16: also that, 


under the conditions shown, rectanirular, slab comes 


that the corners are in the path of traffic. adthh 


Bree ‘pointed illustration of the fallacy of Professor Hooper’s ‘objection to 


the number. of. corners of! hexagonal slabs: ‘would be to consider a 
4 ‘slab ‘(which is. admittedly an ideal shape) the radius of which is, say, 8 ft. 


and the perimeter of which is cut into. 1- ft. chords. It remains essentially 
q = a ‘circle, with all its virtues, but with about. fifty corners. | Ba lim- 
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NAL DESIGN OF. com 


ited of corners were desired, and, the designer he 
% might 2 make slabs of equilateral triangles, haying only 1 three, instead of fifty, — 
corners. e* slab of this type, and of an area equal to the « circle, would. have 
sides about 21.6 ft. . long, the corners of which develop less than” 16%! of the 
breadth: of the corners of the former shape, yet’ this shape would use 27% — 
material. It is seen, therefore, that the number of corners 
their. locations are immaterial as long as each corner is structurally fit, and 


it well: to remember that breadth as well as depth . of anembers fix their 


discussor. to zigzag | line or as 4 


the ‘slab from a great height to sho w the joints. 
The 


portional, to the curl, an nd inasmuch. as, for the hexagonal ‘slab, the. extreme 


- erose- corner length is about 90% that of »f a square slab of equal area, it follows . 


- that the hexagonal slab’ suffers less than 1 90% of the’ “aggravated condition” ? a 


The question of appearances raised by’ Mr. Hare* is, as he states, yo q 
ondary” to that of utility, but is: still important. In een 
eye, this’ design takes: on a ‘suggestion of uniform texture’ from eurb 


that is quite pleasing, and not possible with ‘straight center ‘points 


The writer’ thinks that Mr. Feld* might revise his statement that “there — 
ig is no vation of Fig: 14; of the joints 


e intended 


this tion the writer cannot ‘agree: Tt’ is thought that each street width 


{4s presents a new ‘application of the principles, all of which 
sidered by Mr. Feld. The ‘writer regrets that Figs. 14, 15, and 16 ‘were not 
submitted with the paper for the better information of nde in discussion. — ; 


‘Feld has referred to the ‘ordinaty type of” pavement” “meaning prob- 
highway pavernents, and his approval of the hexagonal design: for’ “large 
writer wondering fe his judgment would: ‘be 


methods. This should be of great importance to engineers, especially since, 


Proceedings, Am. Soc. C. B., March, 1926, Papers and Discussions, 
Loc, cit., April, 1926, “Papers and Discussions, 725, per “Dew 
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‘Fig. 15. ._—VANDERCOOK War LONGVIEW, oF 8- INCH RECTANGULAR 
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from its first consideration, and in that the same and many other 
objections and questionings that have been raised in 1 the discussions, were 


NAL DESIGN OF CONCRETE PAVEMENT 


the of work illustrated in the ps paper, some enviable | progress 


records have been made, and the general consistent weekly averages have 


exceeded : any others known to the writer. 


is thoug 


believes ‘that the “dummy will’ fulfill Mr. 
of 


of the s surface. I It is see that the bottom of the controlled crack will 
Bg in the event this did occur, no harm will be done. ravil tiea- of serene 


in! his discussion,’ * Mr. Vandercook has a geographical advantage over 


some other discussors, i in that he has been i in 3 intimate contact with the work _ 


carefully considered by Mr. ‘Vandercook before he sanctioned the writer’s ex- 


ahi. bla 


4 Pi Mr. Vandercook’s reference to the inadvisability of reducing | the thickness, 

. y Treason of the hexagonal design, is the expression of a val luable opinion. pe y 


This ‘is. a question of economic ‘policy, to. be determined by the local condi- 2 


- tions, ‘such as community finances, the trafic anticipated, and the nature of = ‘-s 
the sub- -grades ; and it is probable that the’ general trend i in pavement con- ts 

a struction will be toward higher ‘safety factors, because in few cases can it 


‘be said ‘that | loading limits are fixed, or even anticipated, ' “for all time.” 


3 ‘The “subsequent investigation” ‘referred to by Mr. Vandercook was a | 

of in of square and hexagonal ‘pavement slabs under cantilever lo ading re) -, 


corners. + Briefly, the average results may be reported, as (a) 5-in. 
‘slabs’ bore 23% greater loading than 6- -in. square sl of equal 
area; and 5-i -in. hexagonal slabs bore 48% greater than 5-in. square 
sing A OV 33/1 


slabs of equal area. . The slabs were | cast. in situ on a wate r-settled sand sub- 


4 

grade. The individual breaks were remarkably uniform. Be 
The purpose of the paper | has been to draw attention to the possibility of 


enhancing the value of this: logical | type of road surface by intelligent ‘con: 


7 "sideration of the slab shapes. It pleases the writer think that, in a measure, 
this has been done; and to thank those engineers whose discussions have fur- at 
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how otk 


f water artific 


with ar tificial ‘purification, ‘bu t 


iv to treat water quality: as a natural resource has shown 


Ido re RR 10 Sail to Fron 
thi 


the o stu y of the phenomena of self- puri cation. rom 
viewpoint the U. Public Health ‘Service studies are particular! rly 
‘They separate the, basic. factors, develop methods of measure, ‘determine the 
relations existing, and lead to a simple and logical system of expression. 
fundamental conditions treated are: infection, the Power of water 


- ta convey ‘living ‘forms which 1 may ‘directly ‘affect ; persons, studied bacteriologi- / 
‘cally; pollution, the condition produced by the decomposition of dead 


organic matter, determined biochemically ; and (3) contamination, the ‘altera- 

5 tion in ‘quality by contact with foreign substances, tested ‘chemically, as in the 


‘The oxygen studies have and the importance of 
work should also be “recognized. “From data -Tepresenting years. of 


_ work under diverse conditions, ‘the determinations of the average daily number — 

of B. ‘coli contributed per capita, with ‘the seasonal variation and the rate of 
from the streams, make a valuable addition to, quantitative 


bacteriology. Py ‘The utilization | of logarithms i in presenting the results is signi 
cant. Many ‘advantages: can ‘be pointed | out: ‘First, it would be impractical to. 


plot directly the ordinary v variations in bacterial: numbers, whereas 


 Jogarithm of the ‘huniber p per liter’ gives a ‘donvenient “unit: ‘throughout ‘the 
entire range, from drinking water to the most intense pollution ; second, self- 


purification _ expressed in ‘logarithmic “terms approximates a straight- t-line 


— third, ‘Wolman and Streeter have shown that the ratio | of the 
logarithm | of the content for the to that for the effluent in 
"purification processes 


logari 
therefore, the median sample; the recognized se 


Biologist and Sanitarian, New State Conservation Comm.,, 
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water quality i is more directly by the bogarititin than | y the actu 


_ number of bacteria, and water- borne bs phoid i is more e nearly proportional to ‘the 


gives a Jogerithmie by 

direct use of the highest ‘positive. dilution number, therefore, | gives 


the of the ‘logarithm: in a rational system of 


* letter) Jackson has brought ou tt 


the simple bt! dilutions. OD) Ait 


“the dilution method used in bactrilon stall 


that should be emphasized, namely, that excessive quantities of industrial 
wastes, especially t those of a toxic nature, _ such as. acids, metal: salts, dyes, 


materially affect the normal ‘biological regimen of streams: into. which 


ey ar are ‘discharged. viow ssible t 
“any general method of quantitative ¢ estimation of the bacterial content. _ eh 


The Naugatuck River in Connecticut is seriously” polluted with copper 


and brass factory and acid wastes practically throughout its length. Below ie 

Torrington, t the uppermost city on the stream, where such - pollution is le les 


in intense, the average | 


000 and for the winter 20 800. “At points farther down stream, higher 


‘counts in winter than i in Summer might be expected to result, because of the 


greater dilution of the toxie ‘wastes effected by higher stream flows. 
the -Hockanum "River, above arces of serious ind strial waste pollu- 


. a tion at Roc vil Manc ester, computed estimates, as presented by i, 


“Jackson, compare quite favorably with actual observations (Table 1%), 


28 
South Manchester, where silk mill wastes ‘constitute 18% of 


; ae the total sewage, the lack of correlation of computed and actual results 


evident. Furthermore, the observations of the e stream at East Hartford wer 
made above the sewer outlet and as stated in the publishe d reportl| o of this : 


work, “the, results. have indicated presence of ‘this s sewage in the 


samples collected. ‘would appear to justify ‘the elimination of East’ 


ae 3 oe This same bactericidal effect of toxic wastes was observed during the course | 
"8 of: the studies of Ohio River pollution, notably i in the vicinity of | ‘Pittsburgh 


a., where the ‘Monongahela River carries large ‘quantities ‘of acid mine drain- 

“age. Here, the weighted average bacterial content of the Allegheny and 

3 Monongahela Rivers above Pittsburgh was found to be 4120 per cu. cm., and © 
of the Ohio River, 11 miles below the city, | after re receiving tHe 
a 000 peopl 1900 or a re of 2 200 pe pe 
In 


on 1 the resu 


, U. S. Public Health Service, Cincinnati, Ohio. 


+ Received by the Secretary, March 13, 1926. oil}? “bawigaa 
Proceedings, Am. Soc: C. E., December, 1925, Papers and Discussions, p. 2061. 


First and Second Biennial Reports of the Industrial Wastes Board, State of 


| Proceedings, Am. Soc. Cc. November, 1925, Papers and Discussions, 1843. 


n such special « cases obviously it is ‘impossible to apply 


concentration of ‘bacteria. for the summer ‘months is 
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BAR IN COMPRESSION, MEMBERS 


BY Messrs. Henry s. -Pricnarp, Anpers Butt, AND Basen, E.. Goopwin. 


Ss. M. 2 “Am. Soc. E. letter). §—The 
nee” x {it j 


used allowance nentioned by the author ‘is one of the requirements in the | 
“frequently used specifications”, of a particular: company, as follows: “The 


_latticing of compression members shall be proportioned to resist a shearing 


«stress equal to 2% of the direct | stress." The writer does not now who was 


first to” specify the : 2%, or whether any one attempted to give the 


rationale of this allowance, bittorent by any mathematical ingenuity it can 


" ma. made to link the “beam anal ogy” of a uniform transverse load with any 


column formul was done for a certain rule for lattice 


in many editions of “Modern — 
, that it requires 333% greater 


* worded) with, ‘a rule specified and used by the New J ersey Steel and Iron 


Company prior to 1891, referred to. as Prichard’s rule in the report 


aie Royal Commission on Collapse of Quebec Bridgett, which reads as follows: 


“ 


__ tions shall be stronger than the column considered as a whole, and their size — 
oe shall be obtained by treating the column as a lattice girder loaded at the 


apn Bee lattice shall be so spaced that each channel between lattice connec- 


missioners s state: 


owing to the curvature of the column. This curvature may be due to be mg 


| bends or to. the action of the load or to both combined. If the curvature is 4 


ie sufficiently small the variation of inclination due to it will be negligible. : 


bp here remains, however, the original inclination or obliquity which is due to — 
the method of application of the loads the ends of the column. if the 


= eccentricity. of application is ‘the same at ‘each end and in the same ti aor 
with: the axis of the column, there will be no obliquity other than that — 


Discussion on the paper by Ralph EH. Goodwin, Assoc. M. Am. Soc. C. 


Proceedings, Am. Soc. E., December, 1925, Papers and Discussions, 1941. 


{Carnegie Pocket Companion, 1923, p. 98. 
“The Theory and Practice of Modern ‘Framed ‘Struetures,"" 1896, 255. 


i +t Vol. I, 1908, p. 126; originally published in the Lehigh Quarterly, June, ise ,p.1 
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: obliquity may be of considerable amount. If the curvature of the column be 
: _ negligible the obliquity arising from the ‘eccentricity ‘will be the same at every | 
point. This obliquity causes a transfer of load throughout the whole length of 
the column from one web to another. This transfer of load is accompanied 
longitudinal shearing stresses in the lattice system. The obliquity also 
causes transverse shearing stresses at every cross- -section of the column.” 


Before the w writer r published his his pins for lattice he realized i in a rien eel E 


until shortly after ‘the ‘collapse of the Quebec Bridge wrote a 


WAL, 


paper | on “Imperfect Butt Joints in Columns a and Stress i in Lattice Bars”*). eS 
and observation | (which included the exciting spectacle of 
- -yiolent collision on a ‘through ‘span of a railroad pin-c -connected bridge which 
o: stood the shock), he knew that columns are liable to ‘slips and falls in handling — 
field, to impacts in transportation, to accidental side blows i in 


service, indicated by telltale dents and other injuries,  and- to usages for 


which no specific provision is made in their design. After considering the ae 
sundry and various possibilities, probabilities, he “concluded, A 
regardless of theory, that columns should possess substantial re resistance to 
shear” and torsion. From all these c considerations and diligent study of 
specifications and designs ¢ of other | engineers, , Prichard’s rule was devised. ., Tt ee 
was” not ; the formulation of a fine spun theory but sim le judgment, and 
= probably : represents about the e average of the best - practice » of the time when it fi 


devised. Later, in the e “frequently used allowance”, 833% added, 


practice: with respect to lattice at the time Prichard’s r rule was published 
remained about: constant up to the date of the collapse of the first Quebec 


zB 


Bridge, except t for a growing antipathy to to batten plates: at intervals i in place | 


es) It is the consensus of opinion that the latticing of the compression chords 


as 


the first Quebec Bridge was too light. The results c of an analysis of ‘the 

“frequently. used allowance” in n connection with the “frequently us used” “specifi- 
cations, as applied hypothetically to Member A-9-L, is strong evidence that 


it is conservative for a large range of ratios to of column. 


r A-9-L had a cross-sectional area of 


"ment of'g cross-section and lattice bars was as indicated in Tiga 4 


ee reproductions of a . portion of a drawing of a model chord, the length h and 


the linear <ditnension ‘Portion, shown being one-third of those o 
orm 


or Report of the Royal Commission on Collapse of Quebec Bridge, Dp 
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PRICH ARD ON NOTES ON SHEAR IN COMPRESSION MEMBER: 


requires main lattice bars ‘to be connected to each outside built 


channel by ten rivets instead of two,* as shown bef the following computation : 
Se member is composed « of four units (bui of web-plates and angles) of | 
equal oF nearly equal cross-sectional area ; distance of the center of 


grav ty of each outside unit from the « een of gravity ¢ of the member is 4.5 

oe as great as the similar distance of each inside u unit; hence the bending — 
stress in the outside units: is 4.5 times as great as in the inside —o r 

ya ‘therefore, the shear in the lattice between the outside and inside ‘units, is 

; +2 of that between the inside units (assuming i intermediate latticing between the ie 


inside units, to meet the criticism of the Commission). 


Ib. X 780 = 10 140 000 Ib. 
The member should be proportioned | or shear of 2% , or 202 800 Ib.; $3 of — 


800 lig outside e and inside channel equals 166 000. Ib. 
The lattice-bars, of which there are four per panel or four cut by a cross- 
section, make an angle with the ehannels of slightly more than 45°, with a 


= direct stress in the member transferred to each 


The number of rivets = 68 100 


until 


of 16 800 Ib. per sq. 


The lattice ed at 
ll outside the center 0 of gravity of the ota webs, thereby producing bend- 


ng stresses in the ‘webs and lattice ‘and tend ing ‘to increase the shear on ‘the 


rivets, but the amount of the increase would doubtless have been trivial in oa... 

0-rivet connection. 


The effect of the tie at the panel points of the latticing was to force the 


lattice to take part in the direct compression in the member, each lattice- 


bar (4 by 3 by &-in. angle), each tie (34 by 3 by §-in. angle), and each latti 


a making an angle of 45° with the webs, the writer has shown, in a 1. discussion — | 
dealing with latticing, that the theoretical intensity of the. stress | in the 


lattice from this ‘cause is 28 of the intensity of the direct compression. in 


the member, or 28. 4% of 13 000 Ib, which, applied to the gross area, 2.48 sq. 


in, gives 9 200 Ib. as already Weds 


es The fact that a member of the first Quebec Bridge, with a 2-rivet connec 


tion at each end of each lattice, collapsed after the computed compression. in 
- the member exceeded 16 800 Ib. per sq. in, is no reason for doubting the 6, 


Correspondingly, the “frequently used allowance” requires larger lattice, but the 
number of rivets affords the simplest comparison between the “frequently used allowance” and 


— 
— 
— 
— 
— 
— 
a 
— 
— 
— 
—— 
— 
10. 
— 
— 
— 
— 
— 
— 
— 
— 


The other important questions which the author raises aré are: (a) ) The 

* position of the eccentricities which will induce the greatest lateral reactions — 


d, therefore, shears from lateral reactions; (0) the amount of uninten- 


tional, eccentricity to whieh a member is liable from rom “poor workmanship” ; 


(c) ‘the ine increase which deflection causes in shear, a int i 


being ‘correctly ‘computed, is arbitrarily chosen ‘much too gre and “the theo- 
‘retical deflection curve has been assumed to be a parabola”, as illustrated by 


] 


the author’s computation* ‘of 4 800 lb. of shear the lateral reaction 1 
1400 Ib. increase from 1 “in a standard latticed channel column, 25° 
long, composed of two 10-in. by 30-lb. channels. "+ The author has night 


authority for assuming gap parabolat but for the } purpose determining the 


’ nore in shear, it does not give a close approximation. . By correct theory 
increase is much smaller than that computed by the author wid may ay be 


Dory 


df For a definite longitudinal load. definite eccentricities | in 
at opposite ends of the column, the lateral reactions and shears therefrom are 


greatest, when the eccentricities are on opposite s sides of the axis and are as q 


-—indieted, by a a simple formula given bef the author, which may be expressed 7 
Load X sum of ao to 
4 e = 


formula strikingly shows that, other things remaining con- 


‘stant, the lateral reaction, and, therefore, the shear from the lateral reaction, 
increases as the length of the columm. 
“ - The unknown quantities in the formula are the eccentricities. There 


_may be eccentricities caused in cross- -seetional 


unsymmetrical variations in the m 


by po 


an- 
ship i is ‘restricted pie in ‘ane the longitudinal load, « or 


fies of ‘it, is received, through contact of surfaces intended to be > plane and intended 
a to make a a known angle, usually 90°, with the axis. ~The poor workmans i at ‘ 


where it occurs, consists in the surfaces not being plane, or in ‘the angles not 


— 


is being true, or in unspecified lateral forces being applied so as to “open: or _ 


its between the ends of the columns, 


Contracts for fabric ation and erection of framed atrctutee’ should’ 


awarded only to leoneetns “which © ‘are properly equipped to face the ends of g ; 


* Proceedings, “Am. So E., December, 1925, ‘Papers. and Discussions, p. 1944... 
 Sehnelder in his report, “Quebec ‘Bridge Inquiry,” 19 1908, p. 195. wh 
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the structures of which: the columns are a part, and which employ 


and superintendents who w nderstand the importance of:thése mat- 


ters, including the proper position setting of the shoes and base-plates 
on the: foundations, and the pooper! fabrication, and ‘placing of the 


pieces: 3 which connect the columns, Structural engineers probably yes 


5 and are alive to these matters to a greater extent than the author realizes. 


For instance , certain large compression m embers of 


elt were designed and faced 80 that they were in contact for abo 
i middle-third and only about the middle- third of their depth. | This was | ac 


“plished by a slight flare ‘from the middle-third toward the edges. 


| +i It is not disputed that it _ would be well to exercise ‘more -diser 
‘award of intelligence ‘in their execution and in 


case of « a standard latticed channel column” (previously referred 


* A to) ‘to examine the matter “somewhat ‘in detail.” ” He : assumes an eccentricity — 
ie of 4 in. sat each end’ of the column. and to opposite sides. of the axis at oppo- 
ends. For this, say, the first case (with P A = 180000 lb., 25 fils 
17.6 sq. in.; I = 25; = 4.29 and 75 in.),* using the 


4 

’ 


m thod of computation and. significance of symbols to be indicated | subse- 


quently i in this | discussion, the computed maximum shear (which o occurs at the 
middle of the column) is 5180 lb., or 2. 2.88% of the load, as compared with aa 
the “frequently used allowance” of 2%, and a computed d maximum stress 
the extreme fiber (which oceurs at the ends) of 25 260 Ib. per sq. in., as against 


a 16 000 lb. permitted by the “frequently used” specifications. If the 4-in, eccen- 
were, on the same side of the axis for, say, the second case, the com- 


‘such. eccentricities, and structures are “not for ‘them, yet feil- 4 


ures” have been exceedingly rare notwithstanding that loads on bridges. bave 


Structures and the methods of erecting tl them vary 80 greatly 
a extended discussion of erection will be ater and attention will | wale 


at 


compression member in the ‘course of, ‘its erection, h 0 
position while connections with enough temporary bolts. are made to 
hold it, stands more or less chance, as there is clearance in the holes, of being ~ 
= placed with, and temporarily held by, ‘the friction of bolt-heads and tightly” 
nuts, with a slight V-shaped ‘opening where it joins the. adjacen 


member, a a condition which. may seem alarming to a novice; but such bolts” 


will not hold much load without some slippage. ples ic abool fe 


wae 


tod Even the best workmanship. is not. made with the precision required in 
astronomical and other scientific instruments. is not therefore, 
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at after the successive columns in buildings and 
: ve come toa bearing they : are likely, collectively « considered, to form a slightly — 
“a pe clin 1ed, or bent, or wavy or curved line. The extent to which this occurs may 


perhaps be judged : by the provision in the “Code of Standard Practice”, Octo- - 


- 1, 1924, of the American Institute ‘of Steel Construction : Rshoebhusdasee: . 
n the ‘setting or ‘erecting of structural ‘steel work, the individual pieces 
shall be considered plumb or level where the error does not exceed 1 to 500. ong 
“For exterior columns and columns adjacent to elevator shafts or multiple- 
_ story buildings, the error from plumb shall not exceed 1 to 1000 for the total 


to a bearing. In: a short. properly proportioned column with unintentional 
- eccentricities to ‘opposite sides at opposite ends, buckling of the column as a 
: whole will not occur, shortening from deformation will be trivial, and plastic — 
‘deformation will relieve the column of the excessive stress which caused so 
Elastic deformation of the lattice- bars will also help and plastic deformation 
help; but, o1 on n the other | hand, excessive stress in the lattice may 


Columns to heavy loads in buildings are usually | built 


_cover- erplates i instead of lattice; hence the problem « of ‘the sufficiency of ‘the 


and members in outdoor construction exposed to ‘thie elements 
os it is desirable that the interiors shall not be inaccessible for painting. itTs is 


also’ highly ‘important that ‘accessibility for purposes of fabrication, erection, ; 
Beet painting shall be achieved in such a way that an 1 employee engaged in such a 


if overcome by exhaustion, accident, heat, cold, fumes, or otherwise, 
Penn not be. in an almost closed interior from which he can not be readily ia 


rescued. “Fo! make adequate provision for the greatest ‘possible shear in short 
- members requires | a high | degree ‘of practical as well as. engineering knowledge. py 
i Concerns that understand ‘the subject in all its phases take particular pains — . 


‘in such cases ‘to reduce the possible shear from poor workmanship | to a min- ye 


ay engineer may ask how does: he know that the designedly abutting ‘sur 


ss faces of compression members actually come toa good bearing. The fact is is 
that, except for the cases he has personally examined and the testimony of - 


others regarding the cases they have personally examined, he does not really 
“know; but failures of “such members rare, and he’ can infe 


thai’ those for designed. The writer knows of only 
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"PRICHARD oN! NOTES ow SHEAR IN COMPRESSION MEMBERS 


one failure) the first Quebec Bridge, where either the latticing: or the batt 
“joints are under ‘suspicion. | In th this. bridge, the: bottom | chord, ‘A-8-L, ‘extended 


"beyond | the panel. point 10.5 ft. (al (almost one- fifth of ‘the panel length) to a butt 
joint with the member, A- “9- This long: distance to the joint: was” occa- 


¥ sioned by a: a strut which ran from the panel point making ‘an acute angle with “Pe 
= A-8- L. ‘The details of A- -8-L, between the panel point and the butt-joint are 
t not shown i in 1 the report of the Commission | previously 1 mentioned, but it seems xe 
to’ ‘the writer from ‘the data in the, report, that the out-of-line distance of 1.5 = 
in observed at the joint before the collapse should be regarded as the indi- 5 
vidual outward bending of insufficiently connected webs loaded at théir'énds 


than the deflection of a compression ‘member between panel ‘points. 


For short columns, ‘the ‘possible unintentional eccen- 


trivities; >from unintentional variations in cross- -section, 


sf slight variation in modulus of elasticity, and slight bends 
oi or curves in ‘the a axis, _are all small as compared with) the 


cussion. ee sano od of mwoda 2 
short. the theoretical, maximum. shear, 
eccentricities to. opposite sides at opposite ends, is 
L | only ‘slightly greater, than the theoretical lateral reactions 
of (the. computation _of which is much | ‘simpler). justify 
' the formulas on which, this, statement is based, and from 
the writer’s computations were made, and to clarify 


aut 


ideas regarding the theory of eccentrically. loaded columns, 
the following general analysis, i is given 
at wm g. 6 shows the axis of. a centrally. 


symmetrical column. of constant cross- “section (made of 


"Perfectly. elastic steel) with three points, 


one at each end and one at the middle, where it is 

lateral movement by frictionless pins which offer, 


agains 
_ Ro resistance to. the rotary movements developed in. 
Solumn’ in deleting. Owing. to the continuity of the two ‘halves the 


tions in each half have to be equal and to opposite sides of the axis; otherwise, eet 
each half behaves precisely like an independent column and will Wh pport the 


same loads have the same elastic ay tot 


Gt 
= the length of each half; and 


For steel, , considering the pound as the unit of stress and the inch a: as 


loaded, continuous, 


tel 


= the radius of gyration, 


a 
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PRICHARD ON NOTES ON SHEAR IN COMPRESSION ‘MEMBERS 


ction of such a column is a sinusoid nd the load which will cause incip- 
t deflection is given by Euler’s formula”: 


: oe _ In Fig. 6, whieh shows the column deflected, the deflection is shown gre eatly 


exaggerated, for convenience in drawing: and clearness in illustrating, but, 
for cases which have either a direct. or indirect application in engineering, 


ae i the curvature, even of what i is considered. a large deflection, i is very slight. The { 
errors involved, in considering that ‘the are is the same Jength as the chord, 


q 


This w was 1s shown hed be the case by n Cain, Am, See. 


or 


will be precisely similar ‘to the eccentrically ‘odlathin, as regards 
ce elastic Tine, r relative position of axis and line of thrust, | stresses, and shears. 


These characteristics under a given load of such an -eccentrically loaded ‘col- 


umn, { therefore, can ‘be det 


ermined by first finding from Equation (2) ‘the 


quarter: length, h, of the centrally Joaded continuous column of \the same cross- 


4 . eet section which can be held in any deflected position under the given load, and = 
* a then, with the continuous column held in the part rticular position corresponding 7 
: to. the elastic line of | the eccentrically loaded column, finding the characteristics 

of t the part to, the eccentrically Toaded column. 


a Let y equal the ordinate from the line of thrust ‘to the sinusoid formed by 


the axis of the centrally. loaded column, anda x the corresponding arc measured — 


AE sp the point o of ‘contrary £ flexure, 0, at the middle, considered a as the 


the length of the eccentrically loaded column; | 
the distance from the « origin point, 0, to its upper end; 
the distance from the origin point, 0, to its lower end; t 
= the. eccentricity at its upper end; pit ony 


@, = the eccentricity at its lower end; doors 


We 


= the angle which a tangent to the column axis ai at any point makes 


with the line of thrust; pots Yo! | 
7 


ae Es _ = the angle which | a tangent to the column axis at the upper end 


q 


of the eccentrically loaded with the line of thrust; 
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metrical column under'a given load, a certain continuous, centrally loaded, 
— column, as shown in Fig. 6, can be conceived as held in such a deflected posi- 
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makes with the line of thrust; 
the ‘transverse ‘shear at any cross- 


the transverse shear at a given point the ordinate of is 


2 = = the transverse at a given the ordinate of which is 


= the stress intensity in, the outer fiber: at ‘the upper end 
eccentrically loaded column; Ag/ haves t 
= the cross-sectional area of the column; and edd be von 


the distance from the axis to the fiber. 


Ly 


pot 


2 


j _ Calling eccentricities to opposite sides ; of axis at opposite ends of ‘column, noe tae 


- Case I; and eccentricities to the same side of the axis at ‘opposite ends of 
column, Case II; then, (ff) gargige qa 


= 
iti S88. i: 


For Case II, for =e 


tater #3 


al Papers.] N COMPRESSION MEMBERS 
~ of the column axis at the lower en 
of the eccentrically loaded column, makes with the line 
) the which tangven othe column at origin point, 0, =) 
wien 
all — 
Bane il 
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and for e, = 0, 
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be by: ‘trial, be readily “using on 
ee, (18) an nd (14a) or (14b), with the aid of a table of sinesi") a 
cone 


ler, and ‘other mathematicians, who have ‘developed Eqtiations: and 


Let ¢ = the deflection due to'a shear of unity in a length of unity. tations. — 


‘The writer has previously shown* that when is considered, ‘Equations 


_ Equations" (15) and (16) Gerity by it ‘ate, 


common sense that even under ideal conditions potential resistance 
‘shear is essential to capacity to support load bnd i is really an element i in deter- 


"mining the maximum load; but, for all cases which arise in “practice, the 
bs: - effect: of substituting Equation (1 6) for Equation. (2) is so small it may be © 


4 


, e special case in which the ‘eccentricities to the same side of the axis 
ing 


e equal « at opposite , ends, has been developed by a number of "engi neeri 


including Anson Marston J Am. Soe. E.,¢ who agree in their 
‘results. The general analysis here given leads to Marston’s ‘equation as a 
special case.* atizoggo da lo eshia {0,93 


For the 1 10-i ‘in. channel column, 25 ft. long, 
recorded were obtained, by applying Equations (2), (3 


Transactions, Am. Soc. Vol. XXXIX (1898 ), 108. ; 
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odd To Equation ( 


‘greater than the 4 800 Ib. lateral reaction obtained by both 


& 

bee ‘From Equation (9) the stress ‘in ‘the outer fiber at the: nds 

@which for this case is the maximum) = 95 260 ‘Tb. 


ed ot basot ef mumizem odt 


From Equations (8); 6. 0144 i her’ o! 


Equation (7 ); the ‘shear at the end (which for this ¢ case is: 


quation ( 10), the maximum stress in the outer fiber, fm = ae 


070 lb., which is have been obtained by 
applying Marston’ 


or I with the 


in his Fig. 3,* the vertices: ‘to the elastic as 


about half wa 


writer’s. analysis shows them to occur ‘at 364 in., or 30 ft. 4 in, from the 


ont 


point, 0, in prolongations: of ‘the « elastic line ft. 1 10 yin. ‘beyond the bnds 
a the. length of the column were, , Bay, 63. ft. instead of 25 ‘ft, and all 


the ‘ends of ‘the ‘column and ‘the point, 0, of contrary flexure, whereas 


conditions, including ‘load, “were the se same, the vertices would lie between the 


point, O, and the ends of the 80 from Poin O pnd, 1 ft. 2 in 


But,t Esq. “(by letter). apply the d outlined t 
4 


ig Goodwin to column- lattice design, a value | must first be assumed fo: 


flection, or, what amounts ‘to the same thing, for the eceentricity. due to 


"fect: workmanship « or ‘other: causes, the former being a 
The beam nalogy furnishes a simple empirical rule by which this 


factor is: taken’ into account, whereas Mr. Goodwin would entrust ‘its evalua- 
tion to the judgment of the designer. _ This would seem to be dangerous prac 


tice ‘because it would leave ‘too much ‘room for guesswork. The is 
too complex a function of | loading conditions, length, and section 


isti¢s to be divined, even by the most experienced of designers; it is far more — 
involved unit is always” ‘determined by a 


Goodwin ‘support his claims. For 
the ig. 3,* the deflection, f, i is a function of the ‘ 
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is t dulus of elasticity and I the moment of inerti 4 
column's section, the other notations being those used by Mr. Goodwin, 


graph of. Equation (17) is a line the curvature of which increases 

evenly from the middle section fraction the ends. By equating t to zero the 

= differential, the maximum “deflection is found to occur at a distance 


4 


= 0.211 L from either end. “Substituting this value for & in Equation (17), 


_ The angle of inclination of hare column axis to the vertical is greatest at — 


eee ee ee 


a 


eL 


the inclination at the 1 middle section being just one- -half. as great. be 


sil Substituting i in Equation | (18) the values for the column selected " ‘ath 
| 0. 008. 30 000 000 X 323 = 0. 106 i in. 


* _ This i is only 0, 035% 0 of the length, as compared. ‘ih the 0. 1% which Mr. 


AZ 
takes a as his starting point. Ae aieyingn TW ‘ait, 


_ The shear, S,, due to flexure, at the middle of the column, i antl (O° aig 

= tan @, = 180 00 180 000.X 8X 800 


as against ‘the 14 440 yb. obtained by Mr. Goodwin. fo abies | 


The flexure shear at the ends: twice as large, but acts in the opposite 
direction and, therefore, ‘counteracts. the shear, due to. eccentricity. The 


shear being 4 800 lb., there results accordingly : Ot 


too large for the column section selected, giving a stress of: 


10-200 + 15 600 = 25 800 ID. per sg. in 


If a maximum stress of only 19 9,000, Ib. per sq. i in. 


ced in the proportion, 8800 600, which | 


Total | shear 
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pod he ae analogy applied to the same column ‘formula, gives tn a. column 


Shear = 8 X 100 X 17.64 X 4.28 _ 


as Hop 
is ‘on the safe side. 


1e excessive 
specified (2) ‘added weight; and (3) the inade- 
quate provision : made for eccentricity in the compression members. 
in regard to the stresses, in the chord member, A-9-L, it must be sear 
pens that the member was in the act of collapsing when the measurements | 
- given + in Fig. 2* * were made. _ Care should be exercised in drawing any con- 
__ clusions from: these observations, ‘since there is no way of determining how 


much of the stress was transferred at that time to the opposite 


E. Assoo. M. Am. Soo. 0. (by letter). dlosing, 


the a author desires to summarize the purpose of his paper as it relates to the — = 
discussions 1 which have been submitted. It has been his experience that many oS 


engineers have only a specialized understanding of shear and fail to com- rh 


prehend it when it assumes a disguised form. This ‘especially true in 
case of columns s for which the axis may be curved and the direction of the 
ae not constant. The p purpose ‘of the paper was , therefore, first, to show > 


that the applied ‘shear is the normal component of t 
o call attention to the satisfactory mathematical foundation Which 
exists as a basis for the determination of empirical shear allowances. ‘That 
allowances: must be empirical is due to the fact that-the initial curvature 


tg d accidental eccentricity of a column are unknown quantities, for w hich | 
values corresponding to the most dangerous shear condition likely to a 
in practice must be assumed. For determining what conditions of curvature 


eccentricity will produce the most dangerous ‘shear condition, the 


“ciples reviewed in the paper will be found useful. 
| Since Mr. Walker states that the basis of treatment i is not new, the writer — 
to 


wou 1d call attention to his acknowledgment of this fact in the Synopsis.|| 
Mr. Prichard] objects to the shape of the deflection curve and to the ‘value a 

deflection assumed for the case illustrated by the writer’s Fig 

4 Since the objection is based on theoretical grounds 

state with the app pplication of the method : sho uld nc ‘be limited 


d 


f 


C. E., 1925, Papers and Discussions, p. >. 1941. ware 
#Instr., Civ. Engr., Coll. of the City of New York, New York, N.Y.” 
Proceedings, Am. Soc. Cc. B., March, 1926, Papers Discussions DP. 537. 


A Ss Proceedings Am. Soc. E., December, 1925, ‘Papers a and Discus ions, p. 1948, 
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from ‘initial curvature may’ be’ 


4 by bending, and 1 no » method of analysis can be ‘considered ‘satisfactory which : 
fails to make allowance for this factor, ‘The general method (shear = P sin 


is applicable to ‘any curvature, , regardless of the ‘cause which produced i 


| The deflection assumed in the illustrative problem may be considered:as aris- 

ing: rom | @ comnl ination of initial ‘Curvature with bending deflection, and as 

on and any curvature 


that, may occur in a practi 
Using the method presented i in Mr. the writer finds the 


maximum bending deflection (measured from the dotted line. axis ‘of Fig. 


o be. about 0.11 in., leaving 0.19 in. to be accounted for by i initial curvature. 


is 0. 0006 L, « or 0. 0013 gy Me Prichtird’ show 8, the’ shear deflec- 
ont 09 ta Jon adit at todd bow 
is small in comparison with that due to eccentricity. Nevertlicless, it ‘is 
a ‘the amount of deflection assumed by the writer which forms the basis of his 


‘criticism. — The eccentricity and direct stress are admittedly | high in the 


illustration cited, however, and, : as Mr. Prichard states, ‘the case falls outside 


4 

the limits set by specifications. MA Doak aL ore 


Mr. Prichard’s_ criticism i in “regard, the. position of the vertex of the 


4 pO line, i in the. same ‘illustration, i is somewhat misleading. “When a states 


that the | vertex lies 364 in. from the. point of contrary flexure, he is speaking 
am of the vertex determined by the axis of his equivalent centrally loaded col- 


aVi 


umn, which axis is inclined at, an angle of about ane to. the dotted-line axis 
of the writer’s Fig. 3(b). the. writer’s axis is applied to Mr. 
elastic, line; the point, of maximum column deflection i is, found to be 85 in. | 
from, the point of contrary flexure, or. 10 in..beyond the. middle po int, of the 
a half ler ngth, and Fig.. - 8(0), which alone e formed. the basis : for computations, a 
a essentially _ correct in this respect, even when, the possible. 
of initial « curvature is, omitted from consideration, Fi ig. 3(a) was. obtained 
applying: the. inlined. thrust, line to Fig. 3(0), and its. distortion 


respect to that line results unavoidably. “exaggerated curvature | 


4 


adopted for the sake of | clearness in illustrating, fliw ban, 


‘The matter of changing, present, specifications, if, this. should be found 

necessary, ‘may well be left in the of the Society’ Special Committee on 
Column 1 search, It, is to be that. _ this Committee, will include 
study. of the initial curvature of, ‘columns. and of the. ‘curvature of 


_ Mr, Bull’s. d iscussion” is, essentially similar to, that of, Mr, Prichard in 
a _ theoretical « deflection | curve without, making ‘any allowance, for:o original 
of straightness, and in criticizing the writer’ 8 illustrative problem. 4 


need of making an allowance for initial curvature has already been | men- 
tioned. It can be seen more readily a centrally loaded column. is 


ideal centrally loaded column ‘has ‘tio’ deffection until : subjected to the 
_ Euler load. ~ Since practical columns ‘carry less than the Euler load, ‘no | esi 


: for shear computation exists, in this case, until allowances have been made 
x p. 997, 
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GOODWIN ON } 


1 curvature and. accidental eccentricity. that he 


= 
‘deflection is. a function of the eccentricity due to imperfect workmanship or 
other causes. This ‘statement is based on the assumption of a column: orig- 


a deflecti n of 0.001 5, and | Godfrey, one of 0.0025 L. in the extreme 


“case used by the writer as an illustration an initial deflection of 0.001 


to be greater than ‘the deflection due t to bending. ‘The total deflection 


from all sources should be used for the computation « of shea 


ei is difficult to reconcile the objections raised by Mr. Prichard fod Me 
‘Bull to the writer’s illustrative problem on practical grounds with their 
‘purely t theoretical treatment of deflection, from which the practical consid- 
eration of initial curvature omitted. Possibly the oversight is traceable 
to the practice of treating the deflection of a crooked column .as equivalent — 
to equal amount of eccentricity in a straight 


bending moment will be the same in both cases, but not the shear, owing to 
the fact that shear depends on the inclination of the axis. Shear due to initial — i 
‘deflection can not be treated on the basis of equivalent eccentricity. Ld.ndiupe 
add: ‘Mr, Bull undertakes: to bring the writer’s illustrative. problem within the 
limits of good practice by reducing the eccentricity until the extreme fiber 
stress is reduced t to a reasonable figure. For this’ purpose he assumes that te 
the sum of the average stress and the bending stress may be made 19.000 Ib. 
“per sq. in., apparently overlooking the fact that the column formula: of the Se 
American Bridge Company is] limited toa maximum of 13 000 Ib. per'sq. in. 


Again, 3 in computing the beam analogy, he assumes ‘that. the bending allow- i 
f the column formula is 100 —. The writer is not familiar with any 


. 


"specification ‘which defines ‘the use of the beam analogy in connection with» 
this particular column formula, but he is quite certain that the term, 100 — 


is not all bending allowance. _. The formula i is limited to a maximum ° 


b.. per sq. in, due to the : fact that the elastic limit i t is the practical ultimate 


value in ‘compression. This es then, assumes that the elastic 


limit controls” the design up to — = 60, and that bending ftir that 


ance to 


BY These, however, | are minor details. The main point of interest lies in gl 
idea of a treatment that is fundamentally sound and applicable alike to prac- 


§ tical and theoretical curvatures. . Owing to the empirical factors inherent in 


4 the problem, rules and specifications will always be necessary in the designing Bs 


room, but in order that thé designer m may design intelligently and with cunder- 


‘standing of the assumptions involved, he should be familiar with the correct — 
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CO- ORDINATION OF IRRIGATION AND POWER 


O. S. Janvist M. Am. Soo, E. (by letter).§—The record of ‘the ‘Federal. 


Power Commission’s rulings ¢ as : reported by the author] goes far to prove both | 
need for such the hentia that ve accrued under 


and independent estimate of will lead to an 
§ equitable adjustment. It appears that many cases of litigation have been 
> ae by the intensive analysis of each | problem with a view not only to the j 


- recognition of initiated or vested rights, but. ‘also to the ultimate beneficial | 
use under other projects barely conceived and not yet launched. 


Experience indicates that the ‘general should promote 


power ‘plants; ‘the maximum irrigable acreage and variety of products; 
(c) the maximum underground ‘storage with return seepage increasing the 
Bi natural flow—an_ important factor during years of drought; and (d) the full 
‘Measure of potential benefits. Pig. was 


An excellent example of co-ordinated ‘power and irrigation development 
furnished by the Salt River Project, in ‘Arizona. _ Formerly, the power plants” 


A at the ‘Roosevelt Dam could not be operated during the non- irrigation season, 
beeper os? Ni varte 4+ oar 


i a 
_ because the discharge from the turbines was lost to the system. This situation 


mtly relieved by the supplemental storage provided between the Roose 


—— Dam and the intake of the main irrigation canals. . This immediately re- 


placed the intermittent power generation with constant, dependable 
brought the canal and reservoir systems into more intimate relation so that the 
hee flow at the head- -gates could be varied on a few hours’ | notice, and made | pos- 

sible additional ‘power developments nearer the place of use. As a considerable 


part of the demand ‘is for pumping: during the irrigation season, there i is 


an __* Discussion on the paper by William Kelly, M. Am. Soc. C. E., 


ony Associate Highway Engr., U. S. Bureau of Public Roads, Washington, . 


. 1946. 
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“ordination of. power and irrigation interests, 


4 KELLY ON ORDINATION OF IRRIGATION AND POWER 
_ Such a favorable solution is readily attainable where both power and i irri- a 


gation interests are. under the s ‘same ownership. Progress toward harmonizing 
the eontrol of streams has resulted from the attitude of the Federal Power _ 


Commission to the effect that, in t the last analysis, the welfare of the citizenry 
in each drainage basin should govern the development of water resources, ‘This pe 


"seems to be the spirit and intent. of. the Federal Water Power Act. Wisely 
administered, it should provide the 2 unified control so essential to ) thorough co- en 
and should promote the normal 


a activities which make for sound industrial growth. 


Keuty,* M. Am. Soo. O. E. (by letter).+—A few closing 


seem to be called for by Mr. Tibbetts’ discussion.t The Yuba River was not 
‘mentioned i in the paper because no final action had been taken on it by the F 
eral Power Commission at that time and, therefore, it could” “not be. cited as 
an example. Federal Power Commission appli- 
ey of the Nevada Irrigation District in which Mr. Tibbetts i is interested. é 


The ‘District lies 7 the foothills of Nevada County, California. | It con- 


: “tains s about 200000 acres, of which, according to the State Engineer's esti- 


mate, not ‘more than 75000 acres are suitable for irrigation. About 3 000 


acres are now w under irrigated cultivation. The principal industries i in Nevada 


County up to the present have been gold mining and cattle grazing. . The 
: part of the land proposed for irrigation is covered with a growth of 


4 ieee and brush and it is conservatively estimated that the average cost of dl 


clearing , will be as much as $100 | per acre. The irrigable lands are scattered — 
over the district so that to supply them with water will require practically | 
the same length of ditch as if the. entire 200 000 acres were to be irrigated 5 
The project could be developed to the extent of about 15 000 ‘acres by the ‘1 
construction of the Scotts Flat Reservoir in Deer Creek Valley, ‘using the 
‘Tun- -off of the water- -shed within which the District lies. worl 
= greater development, water must be diverted from adjacent water- 
sheds. The project which has been ‘approved contemplates the development 
of storage on the head-waters of the Middle and South Forks: of the Yuba and _ : 


diversion by tunnel and conduit ‘into: Bear River and a. part thence 

The Pacific and Electric ‘Company has entered into a contract with 
the District ‘to take: the diverted wi water for use in and proposed power 
District. The schedule the release is on the p power 
_ values and, therefore, only about cones of the water supply. will be delivered 
a rearn during the irrigation season. The contract is a good one for the on 
Power Company, and the promoters cof the Nevada District claim that returns > wa 
from the power use of the water will pay all carrying charges on the invest- r. bee 
‘ment required for the storage and diversion works. In other words, if the 
estimates are not exceeded, the District will get a 1 small initial water supply, 

Engrs., §. A.; Director of Bng., National Blectric Light Assoc., “New 


Precestings, Am. Soc. Januar 
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adequate for about 20 000 acres, at its practically without ‘cost, ex ex- 


eept for the maintenance and operation of the mountain works. should be 


however, the owners of Diver nd n no the Power 


= Linn Low ter cree t ile 
a is spe bide of balancing kilowatt- hours against acres, but of bal- 


ing g a possible but doubtful 75 000 acres in the Nevada ‘District, plus a 
amount of power, against a greater irrigable acreage in the Sacra- 


“Fin 
ae Valley, plus about 40, 000 kw. , more power, plus incidental benefits to 


protection. on 1 the Yuba, Feather, a and Sacramento ‘Rivers, plus the pos- 
renewing hydraulic where it is estimated that 


— 


‘ tae In other words, using the water from the head-waters of the Yuba in its 


>. own. water- -shed would increase and not decrease the acreage of land econom- 
~ ically, irrigable i in California. Moreover, diversion | of water from the Bowman 
-water- shed, combined with the development ‘of local sources, would supply 
aa <a the lands that are probably irrigable iri the Nevada District and leave ‘the 
water of the Middle Fork to be developed in combination with the remainder 
. “of tthe Yuba River. 5 It was the diversion of water from the Middle = 


- the Ni ones District to which the engineers of ‘the Federal Power Commission 


A 


Mr. "Tibbetts is not correct when he attempts to point out a great 
differenee in viewpoint between Everett N. Bryan, M. Am. Soe. 0. E., and the 
be writer. In his paper, “Hydro-Electric Power as a By-Product of Agricultural — z 


Weds Storage,”* Mr. Bryan deals: only with foothill ‘to the pro: 


Power at reservoirs is should be purel to 
one of the important functions of such reservoirs is that they leave the river 


above them free to be developed primarily - for ‘power. Such reservoirs, when 


properly combined. water, the! maximum’ use of 


Power ‘Commission. There ‘was no material difference of 
a them as to physical facts or economics. The State engineers, however, operate — 
under State laws which grant rights on the basis of priority of filing, and 
they could give but little regard to the broad economics of ‘the problem, q 
whereas the engineers of the Power Commission are charged 
determining whether or not any project applied for makes the fullest possible — 
use of the water for all purposes. TOWOKT od? 
of In granting the Nevada District application, the F ederal Power Commi: 
or. sion, certainly has demonstrated its intention to co-operate with the States ‘to 
= : fullest extent possible in administering the Federal Water Power “Act. 


The Nevada District case illustrates some of the factors which the writer 
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KELLY CO-ORDINATION, OF IRRIGATION ‘AND POWER 


had i in mind when he stated that practice in the Western States “som mes 
‘sets aside e economic laws”. ‘The California law, providing for the organization 


of Irrigation Districts, has proved itself a good one one, but no law has ever been 
80 good that it could not be used. i in ways not intended. 
A _ The Nevada Irrigation District was organized through the efforts of ee ie 


get tic competent ‘promoters. Its “formation was made possible ‘by the 


many ‘non- property own © Owners of. nearly 50% 


“organized and thus stand to lose their rights. ‘Tf and 
the Nevada District combined were being developed by one: owner as a bus 


ess ‘proposition, ‘looking to ultimate results as well as to e ming 


sf 


dake ng development, it is inconceivable that the diversion of ‘alll the head 


waters of the Middle Yuba. to Deer Creek Valley would 
Mr. Tibbetts’ statement that “empire building in an arid section is, 
er wholly « on the use of water for irrigation”, i is rather. beside, the ie 
in the Yuba. controversy because, leaving aside all. other factors, diversion 
of the head- waters of the Middle Fork to the Nevada District will result either Mer” 


in less land irrigated than if that water were used in its own water-shed, es 


SIONS Wees RY Td 
in greater cost water, or ‘the Sacramento Valley lands ‘tributary. to the 


BS: Such a diversion may result i in the gain of a valuable asset by the Ney 


Trrigation District, but it w l be a “at ‘the expense of ‘reduced irrigation i 


Siate of California asa whole, edt 
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REINFORCED CONCRETE COLUM NS. 


. L. Eppy,t Esq. (by, letter). +—In their second statement of the mores : 
the a Ts state: 


_ “(2) Before a slain concrete column can fail in shear, the imposed load 


_ must be sufficient to overcome the shearing resistance of the concrete and the 


frictional resistance of the material to incipient motion along the impending 


- The writer fails to g grasp the authors’ conception as expressed i in ‘this state. 
- Tt would seem that there could be no frictional resistance until ‘shear 
has occurred ; that incipient motion assumes a plane of separation and, there- 


“a fore, assumes that shear has occurred. Tt is clear that concrete is not a per- 
fectly homogeneous material and that ‘when it-is subjected to stress, adjust- 
_ ment occurs between the different particles, producing permanent set, but it is 


oe also true that after this set has occurred there i is a relation between stress and 


strain, and the writer’s conception of the meaning of the elastic deformation 
a concrete is that the constituent parts of concrete are deforming according to 


Pies 2 * therefore, along the plane of shear the stress in the concrete is | approach- a 
deformations are occurring the particles constituting 


the concrete but no slipping has occurred and cannot occur ur until ‘failure 

takes place. This conception, therefore, i is the basis for a ‘statement that 

ae a friction can ‘te developed until shear has occurred. Such a conclusion would 


= "preclude the acceptance of the authors’ statement, which is the basis of their 


«K.-H. Harper,|} Assoo. M. Am. Soo. C. E. letter) authors are 
to be commended for their paper on an old subject but one which will probably 
never be free from discussion. a ‘practical point of view, concrete 


5 


an exceptional building material, but from a a purely philosophical one, it i is 


retical formulas i is bound: to be futile. At no of | its existence, is concrete 


, — * Discussion on the paper by A. W. Zesiger, M. Am. Soc. C. and E 
. Am. Soc. C. E., continued from April, 1926, Proceedings. 


t Prof., Dept. of Civ. Eng., Case School of Selence, Cleveland, 
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th the intensity ty of the stress, and with the age of the 


concrete; consequently, n-varies in the same manner, while m likewise varies 
_ with the intensity of stress and perhaps, also, with the age and « quality. 


As to. the “newness of the authors’ method of theoretical analysis, ‘twenty: 

two years ago. o Rudolf ‘Saliger,* * an Austrian, developed similar formulas but 


in different dress, and his formula i is the basis of all design formulas used in 


Europe to- -day. Countless experiments have been n made i in the interim to 

mine the values of the constants of his formula and, judging from the St tat 2. S 

specifications of. the. various continental countries in Europe, all investigators 

Since this. paper. treats the theoretical stress. formulas for concrete col- 


ulus with helical reinforcement, it will be proper to point out the diff F 
_ between the authors’ investigation and that of Saliger. Jt 


Equations (16)+ and. are the theoretical expressions for the 
tudinal and radial deformations of a concrete. cylinder ‘subjected’ to a longitu: 
-—dinal | compression and a lateral (in this case, radial) compression due to external _ 

‘pressures. Saliger ‘simplifies. Equation (17) by dropping the term, E Not 


only does this omission simplify the final result, a 


ze: theoretical expressions of Equations (16) and (17) presuppose a simultaneous jee 
action of the longitudinal and lateral or radial forces. Actually, the e radial 
4 forces do not come into play F until the longitudinal compression has caused 
concrete to expand radially and thereby engage the helical | reinforcement. — 
the spiral had been wound under tension on the concrete ‘eylinder, conditions ie 
would be different. It will be sufficiently accurate, therefore, write: 
for Equation (17). 
Ths, the first half of the ‘right member signifi the radial expansion 
4 a plain concrete column due to ‘the longitudinal force, | while the second half 
signifies the inward deformation | due to. the unit surface stresses, h. For o con-- 


: . 


which, adi of ‘the re ind hi is h 


far Architektur u. Ingenieurwesen, 1904, Heft 5; 1905, Heft 1; Oester- 
retchische Wochenschrift fiir den 6ffentlichen Baudienst, 1904, Heft 25; Deutsche Baugettung 
(Mitteilungen), 1907, No. 16; Rundschau fiir Technik wu. Wirtschaft, 1908, Heft 1-2; 
Der Bisenbeton,” 1920, Alfred Kroener, Stuttgart, Germany, | he call 
Soc. C. , January, 1926, Papers and Discussions, p. 
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let be the of in the helical’ 


linear inch of column and | A, thd core Pie He of 

the Helical ant to thie area of the core is p’ = From this it is 

evident that —- = 


4 


Omitting all hyper- -refinement ‘alluded to i in discussing Equation an, 
= KE, en” and fi, = ‘E, en. It is ea easy y to demonstrate the latter if one will 


en is. equal to the residual lateral deformation, | en 


E, and =: and hence on ‘substitution, sift 


Fao! If there is little helical reinforcement, then Pp. approaches zero and the 


th will fail at a unit stress, f.’, which is the required stress to produce 
Ae 


shearing failure in a plain concrete column; ; consequently, we tele 


rely, on for years; the of 
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F 
Papers ON ON "HELICALLY REINFORCED’ CONCRETE 


fab By making use he equivalent for: + , the the: equation 

for v becomes p’ f, and the final formula is : 


ng 


If longitudinal reinforcement is. added the ratio of its ‘area to the 
— core: area is p the total load carried by such reinforcement is np f,. For the 


— is taken at its vajue. of 16, and : if, an average, value of m = 

on the are re that’ ‘the must at. least'c one 

4 third: of the helical and m may vary. from 0,008 to 0.080. The pitch of the 

fh ”? & ‘spiral must be less than one-fifth of the core diameter and not more than 3 in., 

while f is limited t to 500 Ab. per sq. in. Also, } 

Bic 15 A, 45 A, 2 total area 


et It i is interesting to compare this formula with . American formulas S as § speci- ; 
by several building codes ; 
qt 


=~ 2 & 


In these ormulas, p may vary a minimum 0.005 to a a ‘maximum 


“of 0.015, while the of vertical steel cannot | be less than, but; ymay 


bul = It should be noted that in the American formulas, the ‘coefficient of p is o 
bi whereas: in the German formula it 15. This difference is due to 
custom, in the ‘United States, of subtracting the area of the steel from the 
area of the concrete core ‘This practice is theoretically: correct, but is 

juce surely a hair- “splitting matter when there is such | a divergent | regard 

one were interested i in the history of theor oretical derivations, the state- 


= 


"ment ‘that, , until recently, writers have neglected in concrete, will 
need some amplification. it in his of 


helically reinforced column. Be 
the authors’ Equation (15).* edd 
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this equation be called f,, — 
Proceedings, Am. Soc. C. E., J equation be called f,, 


‘HARDER ON HELICALLY REINFORCED CONCRETE COLUMNS 
ia the shearing ens on a plane making an angle’ 45° - with the horizontal 7 


@ cos a — cos? tan sin con a — “Cos a tan@ 
p be equal to tan ¢, | the coefficient of friction; 
the foregoing equation may be simplified and written: tol 


r 
This is the equation which Saliger ‘in 1904. of 


x= Qa (1- — p cot 4 


4) 


45 + — 


& m (2 + nN 


which | “agrees with (21)+ if the mentioned omission is 


t to viotatd edt ai hoteorotai 4 
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Also, from Eau 
tan x 
a 


a if the values of fe’ and fe at the point of : rupture can be established, a ready 


- stated, there i isa difference between what 0 one fe may call the cube strength and ad 


aires 
Bach g gives* the following | tests ‘using prisms of varying heights. 


ag 


q 


“for 0.20 of the. cube strength, m = = 4. 5 and ihe += 9 degrees. 


vaves 


nd 
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M Am. C. E. (by letter).¢— -Although the data sum- 
by the : author had been widely, known in fregmentany during 


presentation. special importance is the comparison between “rates 


evaporation within the | same locality as affected by exposure: to desert winds 


or to air currents tempered by contact with dense vegetation | like | grain or *for- 7 
age crops, the 2 rate of transpiration of which may approach one-half, or more, 


f the | evaporation rate for free water surfaces, 


‘Tt is probable | that t shallow pondage, s such as depths « of 2 or 3 


greater "evaporation than that eeorded for either floating o or, pans; 


triets, to find alfalfa and other. field ¢ crops “scalded out” by. intense sunshine on 

the stagnant pools remaining for a few hours after each watering on yn dense 

a clay soil, if the surface is ‘slightly uneven or the drainage is imperfect. This 


danger is greater immediately after a crop of hay has been removed, leaving 


before cutting, thus advantage of the protective shade and, at the same 
be insuring a vigorous new growth without delay. ished in the ari 


midity exhaled from the growing» 

ae may have a depressing effect on the patient and prevent | the healing o: of 

In contrast with the ‘cultivated the native shrubs and plants 0 of 

a the desert have ‘structures and covering which make each leaf, stalk, and 

act. as a reservoir. Iti is | truly remarkable what t sturdy growth i main- 

tained under a few inches of annual ‘rainfall, and how y eagerly the ope! 

for i incoming moisture only. ne 
Investigations carried on Department of Agr 

various College Experiment ‘Stations have shown crops ‘may be 


_ matured by strictly conserving the moisture which normally falls even in semi- 


+ Associate Highway | Engr., U. Ss. Bureau of Public Roads, Washington, ‘D. Cc. 
t Received by the Secretary, March 5, 1926 


= Discussion on the paper by Ivan E. Houk, M. Am. Soc. C. E., 
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Papers ] JARVIS ON’ EVAPORATION ON RECLAMATION PROJECTS 


‘aia regions. One ‘of most successful expedients i is to plant to 
is > 


during alternate seasons, ‘thus utilizing ‘two “years rainfall for’ maturing one 
croy op. "Where the total precipitation is in. or the not rmal 


L 


one summer month: it is evident 1 ‘that the ary fariner ‘the ‘settler of on an 
intigation project must e vigilant ana’ “able + to reduce or nearly eliminate 


opportunity for evaporation. "Otherwise, the transpiration process wou uld cease 


and the plant. leaves would wilt. A week’s delay beyond the proper time for 


eu Itivating ¢ and renewing the, mulch or dust blanket ma; ‘transform fair pros- _ 
s to partial failure of crops. 

in view of ‘the enormous rates of evaporation reported for the desert Fegions- 


est, usually from 60 to 100 in. ‘per year, the reservoir. lonpes 
together with those sustained in in transit to the nit may readily const 


tute more. than 01 one-half the total storage. oda yldader 


One of the many. recent developments i in the Salt River Valley o of Arizona is 


installation of pumping units to draw « on. underground 1 The 
plane of saturation had been gradually rising since the improvement of the 
irrigation system by the Reclamation Service, and, had» water- logged « extensive 
-_arens, flooding basements, and reducing the | productivity, of, large: tracts. The 


_water-table, the areas in need of ‘drainage, added nearly 100 ft 


of dependable flow for the canals near the place. of intended use, and eliminated eS 


the fear of further water- logging. - Positive control of the underground water 
resource, more valuable than x 


‘sur storage because it is not subjected to such heavy tolls. odd “bits, 


practical irrigationist on.a reclamation ‘project soon realizes the 


¢ 


consideration is not the quantity of water ‘delivered on his land; But 


§ same quantity of soil ‘moisture as might have Yer. evaporated from the 


not to to the surface, and thus ma maintains transpiration at a maximum 


portion 1 retained within range of.root systems. Where a surface 


earefully maintained, the erop may ‘be m ‘matured in three months or more with 


uncultivated in a few midsummer. 


properly interpreted, rates of evaporation from tree water surfaces 


om wet ground : are indices to the attainable limits of transpiration and the 
. The great problem is to maintain an 


ample reserve 2 of moisture ¢ to insure against wilting, and, at the same time, ' to 


avoid saturation and ‘compaction of the soil such as results from flooding. 


far better expedient is sub- irrigation’ wherever the humus content or the 
porosity, of the subsoil makes it practicable. On various ‘projects wher e drain- a 
age: systems have | been installed, it has ‘proved advantageous to regulate the 
underground water s surface i in midsummer r by the intermittent use of flash- 


boards in the silt chambers « or in the « open ditches. " ‘This process introduces 


moisture. exactly where it is “needed, promotes -capillarity’ to the rootlets 
ation at a minimum. . The same principle i is utilized wherever st shrubs 


pemngeliel: through h sub-surface ducts or distributing pipes, and also 
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With the construction of surface reservoirs: to control 


an 


“foods -and conserve the surplus flow, it ; is advisable to make. investigations, | 


- tests, and basic provisions for the utilization, of underground storage and also 
the underflow of streams during periods of drought. _ This, i in turn, \ would pro- 3 : 


vide additional ‘capacity for dissipating flood crests, if adequate inlets are 


a ‘limited scale, storm sewer outlets “satisfactorily functioning in 

ie coarse glacial ¢ drift or in the underlying sand and gravel strata of river valleys. q q 

“This method of disposal not only saves the cost of deep trenching and 1 large 7 

nduits, but conserves the water. in” a reservoir effectually roofed by the valley 7 


soil and, therefore, immune the usual losses. The City. of 
riz., has utilized this method to great advantage. 305 


ould be tot ‘and 


hak Probably the underground waters wou e more extensively used a de- 
pended on if there | ‘were some “competent authority to prescribe arkschi 
‘The usual procedure thus far ‘observed is to allow installations and pumping 3 
without restriction as ‘long ai as “the supply ‘meets every demand, ‘and without 

4 reference to depletion of reserve. However, after the ‘water-plane has been 

‘lowered until the shallow ‘wells are dry, the controversy naturally ‘ develops into 
ia litigation with its attendant delays, expense, and uncertainties. As @ result, 
Many meritorious projects have been abandoned with ‘financial loss to those 


investors least able to afford ; and the hazards of financing similar 


| 


If the underground water resources 1 were administered by the same authority 


and with the ‘same regard for the public welfare as now govern the of 


surface streams, 1 untold benefits would follow. cf ‘This i is especially 1 true in 1 regions 


see _ where the evaporation and transpiration rates are excessive and where the —— 
y oy problem of agriculture is to maintain the most favorable moisture content of 


soil for promoting plant growth. and fruitage, as on the typical successful 
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PIPE “TUNN EL UN DER Gow: AN NUS CANAL, 


To ‘Hen my B. -GEAMAN, Kewnarp THomson. at 

ti Rmeway,+ Past-Preswent, Am. Soo. C. E.—It was. a privilege to 

witness the launching of this tube and, later, to see the completed work. Nota | 


‘3 rop of leakage v was observed, the tube being bone dry, boyy speaks well for om 


‘seems to be admirably adapted for the median that had to be met at Sem a ts 


ane Some day a rapid transit tunnel may be constructed under Gowanus Cans, x 
which case it will be well to consider whether this type of structure is the 
‘most: feasible and economical one to adopt notwithstanding the fact that such 
q a tunnel would demand a much larger cross-section and, therefore, would 
‘require deeper and wider dredging. (13 Certainly, the successful completion m of 
= pipe tunnel brings it prominently to the attention of those who will have 
wonders whether a tube of similar design could be con- 
structed stream like the East River where the traffic is very heavy 
and the tidal current strong. a If the practicable length is limited, what would 


limit? _ Could the tube be built and sunk in sections, and the 
connected under the water? These are practical questions that would have to 


be answered if ‘the method is to be considered for the crossing of jel wai: 


the East and Hudson. River . transit tunnels have been constructed 


ie: the shield method under compress ir, cast- -iron rings being generally feo 
for the lining, \ with an inner lining of concrete. % 


as a result of th 
as well as its limitations are well known. It gives a water- -tight structure which ‘g 


It is cost d 2 i p neipally_ ‘to. 


sed air workers. Whether this cost will bes: 
so high as. to make it necessary to adopt some other method i is a 


= This discussion (of the paper by L. S. Stiles, M. Am. Soc. C. 3. “published - oe 
=. 1926, Proceedings, and presented at the meeting of March 3, 1926) is” printed in Proceedings 
order that views expressed may be brought before all for further discussion. 
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tion that is being serious consideration by engineers 
or the 4 four- ni ‘Lexington Avenue rapid transit tunnel under the Har- 
7 ‘River—a waterway about 600 ft. wid between bulkhead lines—the open — 
trench m rethod was used, and the tubé were installed by the 


E ad same general method as that used for. the Michigan Central Railroad T unnel 


on "under the Detroit River.* ‘The Harlem River tubes had a total length of 1080 


ft. and were. sunk | in five sections, f our ‘of them each 220 ft. long, and the 


“fifth, 200 ft. long. | The steel in each -220-ft. section, together with the aie 
lagging, which answered for the concrete form,, weighed about. 750: tons. The 


SEM sections were built, asa ship i is built, in a yard on the Bronx side of the Ber 


copes zA lem River a about a mile northwest of the site of the tunnel, launched, towed 


ae to the site, sunk i in 1 place, connected withgthe | previous section, and then en- 


cased concrete, deposited by the tremie method, the concrete enclosure. 
ee. <A forming a structure 76 ft. wide and 244 ft. high? iT he maximum depth of the 


Beton of the structure below mean high ‘water’ was about 57 ft. Due to the 
admirable ' way in which the contractor, McMullen and Hoff Company, executed — 
work, there was no hitch in the operations and all the construction steps 

4 were co- -ordinated and completed in an orderly manner with little or no ‘com- 

plication. ‘The leakage is negligible. ‘The report of the operating company, 

, _ the Interborough Rapid Transit Company, for the. month of December, 1928, 


wass 


a “indicated an average leakage into the four tubes, ‘including, some leakage from 


the land: approaches, of 1.27 gal. per min. for the’ preceding five years. sh 


fh Inside 1 the steel tubes of the Harlem River Tunnel is a 15-in. lining of rein- 


forced concrete, designed to be strong enough to resist the external pressures 2 
in case of disintegration of the steel’ shell or the: external concrete. The 
speaker ‘assumes that the con crete lining of. the Gowanus Canal tube was 
ve 4 designed with the same thought i in mind. — This seems to | be a precaution that 4 
should be taken, although « even in the sewer-laden salt water - of the rivers about — 
ON ew York, the steel probably will retain its many’ years to come, as 4 


merit ‘that the cost of this work was the 
6 considers that this was as largely d due to ‘the hearty and generous | “oper-— 
to the strength of the ‘both’ longitudinally laterally, it is 
not ‘believed ‘that any method | of tunnel construction adapts itself ad- 
(15% il al guipmil ont tO 


Vids | eed 

mirably to ‘the greatest s strength in either direction at re latively less" cost. 

Ms This is because : a 2 tunnel thus built may be designed for a Cross- -section adapted 


aes ey to the meeting points of the curves of | strength and e economy without Tefer- q 
| 


a ae ence to any other function, ‘such as resistance to shield operation, excessive | 

_ depth to gain cover, etc. The further fact that the section ‘may y be flatte ened 
to meet the minimum requirement of head-room, adds materially to ) the eco- 


as a Gh ta 08 


“The Detroit River Tunnel,” by W. 8S. Kinnear, M. Am. Soc. C, H.,\Transactions, 
Soe. C. B., Vel. LXXIV (1911),:p. 288.0 awolv ont 
Chf. Engr. and Secy., Fred rick L, Cranford- C. H. Locher, ‘Ince., Brooklyn, ¥. 


cowANUS cANAL ——[Papers. «@ 
— 
— ob 
fe 
it 
Ee 
— 
| 
— 
| 
— 
— 
— 
— 
— 
— 
— 
— 
Gg 
— 
—— 
— 
— 


oil and by this 
forming rust- coating will prevent further. deterioration. However, 
it is possible to provide at small additional cost:a protective coating « of con-— 


ai 


crete — will ‘prevent for the: of deterioration. 


of sections about 200 to 400 ft. 
bulkheaded ‘spaces under the’ buoyant shafts and as the water rises in these oY 


‘spaces and shafts the section sinks as. described in the paper. Water-tight 


- diaphragms are ] placed at ‘the ends of each section, and the end of ‘the new — 


.S ‘section is brought by divers into full contact with the last’ submerged section | 


e. and then bolted. ‘A minimum number of light bearing piles, cut off to grade Ls 


Gable the tunnel ‘section to be brought to grade easily and with certainty. 


The temporary ‘shafts are then removed and the tunnel i is ‘back- filled. “Tater, ; 
burned out internally and the lining i is completed. 


t is ‘tha shall hav 


equi 


y of 
ig. 7 h 
“how was carried ‘down, on even hea its internal 


, the answer 
uld be that it is not well adapted to those trenches where rock forms ‘a 
= rge percentage of the cross-section; 
As carrying this system into the approaches, the speaker believes that 
the experience had at the site described demonstrates conclusively that 
i omnes be carried by this method into actual city streets for consider- 
able. distances, if pipes and sub-surface structures are removed or by- -passed. ill 
It was demonstrated conchisively, not only in the case of the sheet- 
estraining 1 the sides of the trench under the canal, but particularly, in that : 
of the west shaft , that the combined pressure of soil and water back of sheet- ‘ 
piling is not materially . greate r than that of the water ey providing the 
(soil is below the level of the lowest water at all times. ay 


the case of the canal piling, the ‘master ‘piles, 88 ft. Tong, "were fi 


ativan 10 ft. ‘apart, and’ the sheet- -piling, 20 ft. long, then driven between, 
the tops: resting at an elevation 13 ft. below mean low water} 85-Ib.; straight <A 
Lackawanna piling was used. ' master’ piles: were | 20-1 -in. 65-1 roe 
“beams, with a standard shest-pile riveted to the back flange. In the 
shaft, , the master. piles were 58 ft. ‘long, and the sheet-piling, 88 ft. ong,’ driven 
: to a penetration of 38 ft. below low | water. The master piles were driven from > 
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SLATTERY ON PIPE TUNNEL UNDER CANAL 
maste ‘piles and the fact that much cribbing on wel ide hardpan, 
-was encountered in driving, satisfactory results were obtained by using a No. 


_ MeKiernan- -Terry steam hammer; in fact, it proved better able to do the 
= than a 3 000- lb. drop-hammer. Much difficulty. was experienced, “more 
especially on account of the restricted areas of "operation, in dredging the 
ore which appeared when dredged to be a clayey quicksand, but so dense 
in its natural bed as, almost to exclude water. Even when. jetted, it ‘settled 
back into hardpan so quickly that the jet was not effective. ‘The best results 


were obtained, with a power, alter 


a bate 73, 
the foreman, of the dredge, Mr. 


Charles He r 
pulling this hae, by reversing the steam-hammer ‘and. driving the piling up. a 


summarize: The of the tunnel | as deseribed shows con- 
‘dusively that it is ‘possible, “under proper conditions, where it may neces- 


‘sary to restrain ‘the adjacent soil, to sheath and “dredge a submerged trench 


Without bracing; that it is possible to construct a | tunnel of a strength and 


‘Water- tightness not heretofore paralleled, an ‘to submerg e and set it “easily 

R. Siarrery,* M. Am. Soo. OC. Ber —The constantly increasing 
it is necessary pay “sandhogs”, and constantly diminishing hours 

labor under the various pressures that they. work, make it of the 
in the interest of economy to avoid the use of compressed air in 


building t tunnels. The a uthor’s method. supplies a solution, it is 


4 The Boa rd of ‘Transportation ‘of the City of York it 
problem of building tunnels under the East: River at 53d Street, Fulton 


‘will die, partly ii in rock ; mostly in rock between Manhattan and) Blackwell's 


Island... Between Blackwell’s' Island and the Borough of Queens, from: what 
has been determined by boring so far, there will belittlerock, 9 0 ts” 


There is is a distinct limitation i in the possibility of constructing a tunnel by 
i this. method ig rock is encountered at such ste as are met in East Rive ee, 


tunnels, + he U. | § S. War Department require a dep oth in the East River of 40 


The removal of rock under. water can’ be ‘econoinically carried out the 


resent time only by means of dipper dredges. The dippe + dredge has yet to é 


¥ 


‘that has ever built, = 


d | 
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Papers.) ON PIPE UNDER GOWANUS CANAL, 


bue ets would not, offset _the other economies in the method of. con 


permit of f alternate bids being submiteed for ‘shield- -driven tunnels and tubes 
jaid im an open trench. ved fe od tobi 
10 eh alton Altre: there is another problem, that is, the current. and the 
traffic in the river. r.. The channel at that point is 1200 ft. wide. Itis 
“sively used. and t the current is, swift. Dredges working in the. East River, near 
existing tunnels, are frequently damaged. by towboats’ coming: down 
river, without apparent reason. The War Department would probably. not 
| mit the use of tunnel sections that would occupy more than one-third of the — 
a 200- ft. channel. te That, would reduce the possible. length | of sections to about ; 
— ft. © The question is as to how safe the sinking of. a 400- ft. section would 
be in the middle of that 1 200-ft. channel. eww fo: oft 
carry out the plan. it would be essential to off traffic 
has been 
stated that. it t required only to pull this:si section out ‘of /coffer-dam 
into position and settle it. It might be] possible to induce the War Department y 
to shut off traffic for that length of time, but it is doubtful. Even if the War — 
Department gave its consent, , there would be some problem in ‘actually stopping — 
traffic; towboat 1 men are not easy to handle mood oved 


On Newtown Creek, where another tunnel is to ‘be ‘the boring 
sheets are not completed. Newtown Creek has probably ‘the ‘densest traffic of 


any. stream in America, if not’ in the world. Nevertheless, this method could ak 

probably be applied there, for even if rock is encountered. it will probably not 
80 deep but that it could be economically dredge 
oo» There. ‘is one other problem in connection with this method that raises a oi 


question as to its: economy; that i is, whether approaches can be built: without 


compressed air. If itis necessary to use a shield in the approaches, it is 

| whether it would be economical to change the method for the river — 

n. For any ‘tunnels! of such long lengths as those under the Hudson, it 
is that this method affords the best solution. Dae ‘4 


Henry B. Szaman,* M. Au. Soo. E. —This paper describing so clearly 


novel method of. construction, is, extremely’ interesting and instructive 
fr rom beginning to end. Yet there is one element which: deserves particular 
ee that is, the driving of the sheet-piling to this. depth, and the 


use of master piles. _ This seems to have been the key to the successful execu- 

tion of the plan. Other, matters, also, ‘such as the. adaptability of the. ile 
a the purpose intended, and its | skillful prosecution, deserve the highest. com? __ 


seem. that the method here could be applied. to. of 


indefinite magnitude, and may lead to a wholesome revision of tunnel m 

T. Kennarp Aw. Soo. E.— Moré than thirty years a 

bright inventor tried to get the of the Long Tsland Railroad, the 


to’ appropriate $7 to a tunnel under the East 
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was to have two iron shells, one inside of the an annular 
; apace of 15 in: between them, which space was to be filled with oil (his great 
patent) to prevent rusting! > As Meem has stated, iron has lasted 
under water without rusting ; but | he s should | have added,” “provided the’ water 
is pure”. Steel does not stand rust as well as iron, and certainly’ the’ waters of 
‘New: York! Harbor are anything but pure. Tn at Teast one« “ease ew York 
oe Harbor the impurities, combi were 
sufficient: to to quickly destroy soveral tunnel linings, “snecessively, 0 of concrete, 


brick masonry, and stone: masonry, whereas wood lining 
in ‘this: harbor, wooden’ tunnels have’ been completely destroyed. J 


shortly: ‘the dam ¥ was It was’ then 
er an 8-Ib. hammer which had been lying in the water for a few ‘months was — 
completely: corroded due to the chemical impurities of the water.) 


Pit 


Zhe author, the consulting’ ‘engineers, and’ the contractors: Bie to! be 
on their i ingenious design, careful calculations, ‘and successful work. 
_ The speaker’s only criticism would! be that a slight change ‘of design’ would 
oq have saved a large eae reducing the factor of safety. ‘Time: could q 
About twenty- ago, the » speaker took out. patents for a trench tun- 
Y a nel. 1. The, proposition was: (1) To drive piles and cut them: off, one row at la 
time, below the g grade of the, tannel; and (2). to build the tunnel on floating 
m 500 to'1000 ft. each, towing ‘each section to! the 
“site a and ‘sinking it on 1 the: ‘piles, the silt being dr dredged just before : the sinking. i 


- i “that ‘all the concrete would be. placed i in air instead of in 1 running water. ts Some- 
_ times heat and chemical impurities will destroy concrete before it has had 


time to'set, even more quickly than steel will be destroyed. 


and with six | ‘compartments, ‘each 25 ft. wide by 16 ft. high, will cost much 
: Tess than the two 20- -ft. roadways of the Holland (Vehicular) Tunnel and : 
would be ‘a little heavier than ‘water, so ‘that it ‘would not rise and. fall, like 


present Hudson River Tunnels, inversely as the after hour, 


‘supply safely for years, and then, 
surface. ‘No one can prove that the present tunnels will not last 1 000 nor 


: i ‘that they will last 1000 mim. Then , if the Digger and safer tunnel at ie 


ns _ Regarding ‘the length of sections that could safely be used, it would be a 
just as: easy to‘handle sections 500 to 1000 ft. long a8 a large ocean liner Bos 
Where part of the excavation ‘would be i in rock there v would be an air 


a _ chamber under the tunnel sec sections for. completing the excavation under com- 


pressed air, “An improvement. over the: device of sinking caissons over the 


A concrete tunnel with the roof and sides as well as the bottom 6 ft. thick, 


2 


year after year. The 6-ft. water main under Toronto Bay. carried oronto’ 


we 
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SON on PIPE TUNNEL UNDER GOWANUS CANAL 

the V. ehicular Tunnel “was 


that with six compartments of 25 ft. each it iui have too great a capacity 


_ for one location. - To the ‘speaker it seems absurd to expect one 20- ft. road- — 


way ~ each. direction to be a at t all ample to connect Long. Island and Man- 
: hattan to the remainder of the United States, ‘through New J ersey, even if : 


. 4a such tunnels were placed ‘at nearly ‘every block. © Even yet the peak of auto- 
‘mobile congestion has not been reached. vst 
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OF THE DUTY OF 


WATER, IN -WATER- RIGHT. ADJUDICATIONS Wosie 


_ REPORT OF THE DUTY OF WATER COMMITTEE 
QF THE IRRIGATION DIVISION 
OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS. Rae 


E. A. Porter anp Liovp 
a = A. Porter,t M. Am. Soc. C. E. —This report covers one of the most com- 4 
Plicated and vexing problems in irrigation engineering and operation. Iti 
a problem | for which a 4 reasonable § solution has been attempted, from time to 


‘time, since the af irrigation in the arid It is a 


‘It is well known that any one entering inito a discussion in an attempt ay 


‘solve the proper duty of water for a given area, is: likely to severely 
‘criticized. The speaker has been connected with problems involving: ‘the 


duty of water for several years. Such experiences have. taught 
him, that the problem must be met in a spirit of tolerance and with a practical - 


mind, and that the factors of water supply, ‘soil conditions, and methods of 


use i in combination with crop production, although of great importance, may 
Zz all be changed by the important, but variable, factor of climate. The present 
= ‘Season in Utah furnishes an a example ¢ of this condition. The water duty for 


the “season of 1925 may be. quite out of ‘place ‘for another year. Those in 


charge of water- right adjudications should be able to appreciate the fact that ; 
ve the user’ ’s interest, although paramount, should be analyzed in connection with © 


ae interests of the Commonwealth in which he lives. It will | only be : a matter 


of time until a reasonable w water- right will have assumed as definite ay alue 
any other property right. ‘Therefore, the water supply of the arid regions 
must ultimately be made to perform its ‘maxmium duty. ‘Realizing the 


nsufficiency of water for all the irrigable’ lands within. the arid 


_ This discussion (of the Report of the Duty of Water Committee of the Irrigation Divi- 
sion on Water-Right Adjudications, presented to the Irrigation Division, Summer Meeting, | 

Salt Lake City, Utah, July 9, 1925, and published in April, 1926, Proceedings) is printed in 

_ Proceedings in order ‘that the views expressed may be ee before all members for further 
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‘PORTER ON WATER-RIGHT ADJUDICATIONS 
not: ‘seem consistent that final decrees, should permitted in 


‘appears evident review the report that still 
improvement in the collection 
determine proper duty. of water. under practical methods o of use. 


in most instances throughout the West, some District pass 
the final recommendations for determination suit. The Committee i 
right. when it explains: that the testimony of the. user of water wil 


carry more weight than that of the expert. This is probably a a bold statement, 


‘a 


‘4 but, nevertheless, it is true, for the reason that the expert is usually employed #u 


to. help a client win his point. It is well known that’ some’ so- -called experts 
4 often introduce as facts.testimony which they know tobe untrue. i 
Under the revised Water Rights Law of the’ State of Utah (1919), the 
os State, Engineer i is empowered to redetermine the water- rights along | any river 


iW system in the State after the water users under such stream have taken the — be 
necessary legal preliminary steps. this official is engaged with 


the problems of a proposed determination for the entire Sevier River Basin in 


_ Southern Utah which data will later be submitted to the water users and — 
District: Court for confirmation. This river system is typical of “most of 


the. Intermountain _ region, and for various ‘reasons presents. an 


4g ideal example for use in connection with other systems not involving gualiy 
Tights for power: development. | There are no important power developmen ts 
within the Sevier Basin. It i is solely an irrigation stream for the reason 
the early settlers, filed on ‘all the ‘normal water irrigation 


lnot upper valleys” of the ‘Sevier are almost 
solely by natural flow, diverted either from the main channel or from tributary 7 


“streams. The area served in these valleys is. is about 25% of the total area 


irrigated within the Basis; The she, irrigated, or irrigable, 


been recent. years, prior which the 
now within storage zone, had been filed ‘or used, for a 


Later, reservoirs were conserve all the surplus 
supplies. Prior to 1914 the Federal Government and State had established 
oo or four water-measuring stations mpc the Basin, but in 1914 these two 


agencies, in co- o-operation with the water users, saw ‘fit determine accurately 


To-day, the engineer, water user, or public have ‘available 


ss mass of accurate data showing the seasonal head- -gate diversion of f every im 


he portant: canal i in 2 the: Basin, the 2 daily, monthiy, or annual flow of the : river at a oe 


a tions on most of the streams until accurat — 
data are available to show a p 
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GARRISON! WATER-RIGHT ADSUDICATIONS 


nts and the approximate area of irrigated and irrigable a 
ach canal system. Without doubt the stream-flow data on the Sevier System — £ 
ré as complete as those on any system in in the country. ‘With the aid of these 
data. the factors of canal capacities, gross diversions, and ‘return flow from i im- 
portant areas can be ascertained. . There is, however, one weak link in - the 
 ehain of data’ for this’ river § system, and this is the duty of water, which ‘is of 
such importance that it may delay the: adjudication suit for 5 years. 
A, However, ‘the importance of the reasonable water’ ‘requirement for the 
tigate: lands had been appreciated by a few. at The steps taken ‘to ‘secure data 
on’ this subject’ have been along practical lines. _ The first step was to persuade 
the older ‘canal companies, operating under the former natural flow rights, 
to ‘appreciate the value of a stored water ‘supply as ‘compared with their variable 


and u uncertain decreed rights. 19200 one of the older canal companies agreed 


for use as desired during the ‘irrigation ‘season. The result was so surprising 
aes that all suspicion against the plan was immediatély’ dispelled, with the result 
that this particular canal has now pooled its former’ natural’ flow right 
the stored water interests. ‘Several other canal companies | have followed the 
ih This method of procedure has brought together many conflicting interests 
"which stood in the way of the ‘most efficient adjudication. “Tt has 4 ‘demon- i 
strated, | practical x manner and without ‘any ‘additional’ cost, that 
‘a stored water supply is’ ‘superior to a a fluctuating natural right. It 
taught the older water users that successful ‘erops, common to the Tnter- 
| mountain region, ean be matured with 2 to 8 acre- “ft. of water instead of 4 
to 7 acre-ft. as formerly used on the land. These results have been secured 
ae of _ almost solely by the Water | Commissioner who has had ‘field’ charge of water 
- distribution and utilization. ‘The Commissioner has operated under the super- | 


vision of the Court or State Engineer, and his’ policy has been ‘to distribute 
the water in co-operation with the water v isers and storage ‘reservoirs. ean 
years of stress: and seasons of plenty this Commissioner, who is a technical 7] q 


 enginéer as well as a diplomat, has been able to protect the interests of all a 


It would appear that (all water ‘supplies ‘within’ @ storage zone ‘should te 
made common and’ that the interests should be pooled on @ priority basis. 
= 


Ba Data in connection with the. determination of the duty of water should be 
‘secured in co- operation with actual farmer irrigator. ‘Water- right a 


— 


= should not be ‘made final as ‘a general rule. Water commissioners shou 
= selected | carefully and after a selection is ‘made, the commissioner should be : 
ven full charge of all field duties with the ne necessary ‘authority and ba cking 4 
‘legal body. The length of the irrigation season ‘should ‘be definitely set 
Garrison,* Esq.—One or.two. notes based’ on the. experi- 
“ence. in Utah may be of interest. In 1919, the Iegislature « of, Utah passed _ 
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) streams of the State will | eventually be adjudicated. 


tice e of the State Engineer, to ‘make a determination of all rights a as provided by 


the law and to submit his findings to the Court with the recommendation that P 
jurisdiction, of tl the case | be retained | by. the Court fora. period of five years. 


Tee! 


4g Duty of water i in the ‘determination is fixed by. general experience and such > 


local information as is available. During the five-year period | it is contem- 


, oe that , tests of duty will be conducted on representative tracts | of i 
These tests will include records of water used, crops raised, soil determina- 

«a ‘tions, and such other data as will give as “as complete information as possible — 


4 concerning the duty “required. fe At the end of the fi five years ‘it is is hoped th at 
ae _ sufficient data will be collected to permit the Court to render a final decree oe ed 
The speaker hardly agrees with Mr. Porter that the suit should be 


open indefinitely. ‘That eaves the settlement. for too long a period. Five years 


the 


- should be sufficient for an accurate determination of | ‘duty. " The ‘law ‘in 
Stata of Utah is good and if given a chance will Ipful ‘to the 
“farmers in effecting | a permanent settlement of their ‘difficulties, 
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WAST APO 


art INTERSTATE WATER ‘PROBLEMS AND 


ab Frank C. Emerson, M. Am. Soo. OC. E. 


Frank M, Am. Soo. C. E- State of Wyoming 


ae with Colorado the position of | sitting at the high point in the United States 
ee a: watching the 2 waters ¢ of interstate streams flow | across the borders of the 


cs ms tate to the four Points ¢ of the compass. — To the north the Big Horn River 
u is - rushes into Montana to join the Yellowstone and eventually the Missouri; to 
Ae a the e east the North Platte flows into Nebraska also to join the Missouri; , to the — 
west, ‘the Snake River departs into Idaho as a tributary of the Columbia; 

to the south the Green and Little Snake Rivers flow into Utah and Colorado as 
tributaries: of the mighty Colorado. 1 This situation_provides “Wyoming with 


ihe 


“many interstate water problems of importance. No State has made greater 


-progress in “meeting these problems than ‘Wyoming and the speaker feels 
=. assured that the facts given in this discussion ¥ will bear out the assertion. . 
interstate 1 water problems of the arid West were beginning to 
‘present themselves with force when the ‘speaker assumed the office of ‘State | 
of Wyoming i in 1919. . This was s due ‘no doubt to the extremely 


=r, 


State. It is s hoped that this may convey some information and 
ideas that may be helpful in the solution of the problems under ‘consideration, 7 


which mean so much to the development of of this great Western country. Me: 
A few thoughts 1 will. be given in support | of the conclusions of Messrs. 
_ Hinderlider and Meeker that the best solutions of interstate water problems : 
be found i amicable agreements largely expressed through interstate 
‘compacts. "Wyoming has eertainly had convincing experience that 
_ should be avoided whenever possible in favor of effort to solve questions v with 
other States through intelligent conferences and ‘mutual agreements. It was” 
"stated that t the. case of Kansas vs. Colorado has been i in | the Courts for a period 
twenty years and is still: undecided, and that: the Wyoming + vs. Colorado 
Las ease respecting the use of water from the Laramie River was before the U. Ss. 


/ Supreme Court eleven. years before decision was made. With the latter case, 


= 


© This discussion (on the paper by M. C. ‘Hinderlider and R. I. Meeker, Members, Am. Soc. 
2 z C. E., presented to the Irrigation Division, Summer Meeting, Salt Lake City, Utah, July 9, q 
1925, and published in April, 1926, Proceedings), is printed in Proceedings in order that “the 
views expressed may be brought before all members for further ‘discussion. 


State En 


— Ps 
— 
— 
— 
— 
— | 
— = 
— 
wi 
— TE 
— 
1 
Bs 
4 
inter-mountain country. During the speaker's six years’ tenure Of aa 
Problems have bean coming with ever greater force, and it-has been necessary 
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"EMERSON ON INTERSTATE WAT 


time, energy, and 


+ the Laramie River i in Wyoming were sustained in a general way according 7 


the Court ‘opinion, but in practical | effect. 


of 1883 priority v were forced to go without. water although, under 
the decree | of the Court, the diversion of water into the 
‘Tunnel in ‘Colorado was allowed, the fact that the Court 


recognized only the late priority of 1909 for the right. v The Colorado right y was 
being served while water users in ‘Wyoming having rights of twenty-six years 
seniority on paper saw their ditches “bone” dry. Why this situation t Simply 


because the Court of last resort in its wisdom ‘granted to. Colorado rights a 
certain: volume of water for use . each year, regardless of the seasonal flow of — 


a the: river. As a matter of fact, under the conditions that prevail at present the = 
ai - situation is such that the 1909 right ‘for the Colorado tunnel diversion could 


atig 


Wyoming rights of n more e than a quarter of a a seniority will at times ve 
- without water unless they undertake a large program of reservoir construction. 


What was heralded as ‘a victory for Wyoming was indeed an empty one. 
futile the ‘time, effort, and expense devoted to this litigation, 
curious ‘though it may be, ‘Wyoming fought for the of x ‘prin ts 
4 ciple in this case (which in itself only concerned the water supply of a com- 
paratively’ small stream), that would work against the State in relation to - 
practically every large stream in the’ State. What was to be ‘gained by 
“Wyoming a as a State from 
7 use” the waters of an interstate stream to the material prejudice of oo 
established in other States. The small Laramie River happens to rise in the 
sl mountains of Colorado and flow into Wyoming; practically every large stream 
a of the ‘State flows from Wyoming to States beyond its borders. — Again, the 
eminent members of the legal fraternity who presented the case Wyoming, 
» ¥ eontended that water could not be legally | diverted from one water-shed to re 
another. The Court wisely decided that the inter-water- shed diversions were Re 
permissible at as long as. damage was ‘not inflicted on “established rights. An 
7 adverse decision would have been disastrous to a considerable development in 
¥ a ‘Wyoming i in sections where it has been found that conducting water from one 
drainage area to > another has resulted in ‘the valuable use of ‘the water 
Soil foregoing comment is made on the Laramie River case by reason of the % ‘ 
4 fact that it is or the most ; important irrigation case decided by the v. 


we... its neighbor, Colorado, and after years of litigation the decision came without a 


despite the fac a money were spent by both 
+ _. & litigants while this case was running the gaunt et of the Courts, the results ae 
5 ie could not be considered to be of material advantage to either Wyoming or ae ‘eae 3 
— 
| 
Control, the regu- | 
Jation and distribution of water trom the streams of the State come within the 
b _ speaker’s jurisdiction. During the season of 1922, when the flow of the §§ [i 
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‘representatives. of the. two in n intelligent, conference } reached 
within two years an agreement that would have been reasonably satisfactory to . 
both. Commonwealths. not ‘intended to infer. that the decision :of | the 
j = was unfair or poorly fosuidieds’ To the contrary, the findings of the Court * 


eral mooted points concerning water- -right jurisprudence. » It was’ well i ina 
| 


way: to have them decided but, at the same time, the particular matters con- 
cerned by this case certainly did not warrant the struggle in t the Courts. moi x a 


Other « cases concerning interstate water problems of interest to to Wyoming 

could be cited: Suffice it to pay; however, the intial experience in ' 
wherein appeal has been made to the’ Courts for ‘solution of water- tight 

adaptation has probed that 1 litigation is a poor method indeed. In contrast to 


this unfavorable experience when resort has been made to the ‘Courts, is the : 


record of -acco-nplishment obtained ‘throu gh friendly conférence and mutual 
‘Favorable progress toward the solutio n of interstate water 
ig problems has been made by Wyoming’ ‘along ng what may be considered as three 
what may be considered as a “gentleman’ 8 agreement” as exempli- 


hed by the North Platte River Co- Operative ‘Inyestigations;, 


er 5% —By. reciprocal statutory enactments and agreements between States, as 
SN is evidenced by the negotiations and agreements concerning | interstate streams — 


3.—By interstate compact such as is) now under negotiation in respect to 


. Green and North Platte Rivers of Wyoming. Comment will be made 


on, these e three plans, in order... Wad. 
orth Platte River Co-Operative Investigations — In 1904, the, State of 


Wyoming, granted to. the United States a permit: for the construction of 
Pathfinder Reservoir and the storage of more than 1000 000 acre- -ft. ‘of 


4 


(per. annum of the North Platte, River, The U. Reclamation Service 
forthwith proceeded t 
Pathfinder Dam provided for. the conservation of the waters: of the North 
Platte. Although this’ great conservator of water. filled definite 
‘ proved for many years to be a curse rather ‘than a blessing to the State . 
‘Wyoming which granted the right. With. its, large investment in the dam the 
United States: became much concerned about the, adequacy. the. North 
Platte to supply more: than the areas of land lying under the canals constructed 
: ‘by. the’ Reclamation Service, which w were looked to for the return of tho cot 


in sleaded vall of the river for their 


tion, an al saffective: embargo’ was upon ang: additional developments in in 


; odt Development on the North Platte: in Wyoming “was effectively prevented © 
for years in any large way by the Pathfinder situation Carey Act segregations — 
ee, ‘were refused, desert land entries were denied, rights of way across Government 7 

Ae. lands 1 were not granted, and, in other ways, developments which proposed au a 
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ater in in x Vyoming from the North Platte, Biver, it siitineaiesintn 


ocked by the Federal Government. . The situation became intolerable unti 
n 1918 a co-operative investigation of the whole matter was. agreed — upon 


| 


the State of Wyoming and the. United. States. The field investigations 


= 


a: : were thorough ‘and resulted in what i is known. as s the Conkling-Meeker report, 


Harold Conkling, M. ‘Am. ‘Soe. E, “representing the United States, 


Meeker, M. "Ata, Soe: C. representing the State of W oming. On this 


preliminary eee the Board of Review on North Platte Co- operative Inves a 


i gations f founded its report carrying the final recommendations and conclusions AS 
SS ‘the use and disposition « of the waters of the North Platte River. — t, 
Board of Review was composed of E. A. Moritz, Am, Soc. .C. E. for the 


we 


as States, the speaker for the State of “Wyoming, and Mr. L. a. ‘Carpenter, — 


p primary "finding. of the Board was to effect that thee: was sufficient 


ater in the North Platte River, ‘whe 

of a all lands practical | of irrigation in Colorado and Wyoiniig’ and 
tional extensive areas in the State of Nebraska. This led to the 4 


clusion 1 that artificial restriction of developments ot on th 


ntire. unnecessary. 39, ban. to. a9 dwt, Chad Seat 40 


othe report of the Board of Review received the approval of the Secretary — 
Risto 


of the. ‘Interior, the Director of the U. Reclamation Service, and 
Wyoming de yoming. With. its, adoption t the embargo against further 


Review been to as a “gentleman’s such it is in 
practical effect. Although not real adjudication, the findings of the Board 
have been respected, an 


nd. the strain has been removed from the condition that 
By intelligent study and friendly conference this ‘ ‘gentleman’ agree- 


ment? recorded real accomplishment. Negotiations are now under way to 

form a compact ‘between the States of Colorado, ‘Wyoming, and Nebraska, 


— concerning the use of the waters, of the. North Platte River and it is pro oposed — 


t the Teport of the, Board of Review be the basis for ‘the compact. 


Reciprocal Statutory Enactments and Agreements Between States Con- 
rang Interstate Streams. —The example afforded by effort along this line 


by. the States of Utah and Wyoming i is noteworthy, and what may be. accom- 


- plished through such : a plan, is well illustrated by the present agreements con- — 
* cerning the use and. administration of, the waters of i interstate streams of inter-_ 


est between these two St States. An 1921, 1 the ‘Legislature of. Wyoming passe 
bill proposing reciprocity with Utah i in water- -right matters, After this bill was 


enacted into law by the Wyoming Legislature, the speaker. made. a trip to Salt 
Joke City to work with, the State », Engineer. of, £ Utah ; in the matter and a aes 


bill similar to that passed by Wyoming. was prepared “and introduced i in the 


& 


Legislature. Favorable action. was. taken, by the Legislature ar and, there- 
fore, similar statutes are now in, farce, i in, the t vo Stat "7 providing for co 


ference > and mutual agreements, concerning of the Bear River and 
other interstate streams. Bes the the. membership Wyo- 


4 ming statute is is, as follows: 
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i. IN Water ‘Ricut Marrens 
Teceive and grant applications to appropriate water from streams in Wyoming ~ 
where such water is to be conveyed and used for beneficial purposes within 
ae ii state of Utah, and the board of control is hereby authorized and empow- 
ered to issue certificates of appropriation under such permits as may be 
granted by the state engineer of Wyoming upon certification from the state 
engineer of Utah that the waters appropriated have been put to the beneficial 
uses set forth in the permits; the state engineer and the board of control of 
_ Wyoming are also authorized and empowered to co-operate with the state engi- — 
ae meer: of Utah in the determination, supervision, regulation and control of 
ae all water and water rights on all Utah-Wyoming interestate streams; and 
eee to. these ends the state engineer and board of control of Wyoming, by. and 
with the consent of the governor, may enter into ‘the necessary agreements — 
- with the state engineer of ‘Utah to carry out the purposes of this act, pro- 
>, "vided that such agreements are not in conflict with the provisions of the irri- Bo 
aay gation laws now in force in this state; provided. further that such authority | 
bs at shall not be exercised | by the state engineer or board of control until after the 
_ state of Utah has passed a law granting its state engineer like authority to 
that granted to the and board of control of Wyoming by this” 


yen Advantage has been taken of these » statutes and certain plans have been | 7 

put into operation under the ‘Provisions: thereof. In May, 1 1925, the 


ok a comprehensive trip by automobile with George’ M. Bacon, M. Am. Soc. 


©. E, State Engineer of Utah, over the ‘several interstate streams between ! 
Utah ‘and ‘Wyoming, for the purpose ‘obtaining information concerning 


Die on the ground in order to work out forms of agreements between a 


_— 


the situation on 
the States that would be fair to both. Certain definite arrangements ‘were 


whereby intelligent administration of the waters of certain 
(fet 


streams is made possible where before no satisfactory system was in force, " 
or example, take the situation on the Bear River, an important stream from 


_ which a large use of water is made both in the State of Utah and the State 


‘ 
ag ~The Bear River Hibbs’ in the mountains of U tah and flows across ‘the line | 
: into Wyoming and traverses Wyoming territory for a distance of 30 miles : 


in the region of Evanston ; then passes back into Utah to supply + water to. a 
4 ldteé ‘acreage of land in that State; then b ack into Wyoming to supply water _ 
par for the irrigation of the territory in the vicinity of Cokeville; then into Idaho 
and finally again back into the State ‘of Utah. Many ditches have their points 
4 of diversion of water in one State w ith the irrigable lands situated in whole 
; or in part in n another State. It will be readily seen that interstate problems 
of im mportance come into such a ‘situation. “Through and under the’ 
: Me visions of the reciprocal statutory ‘measures betwee n Utah ‘and ‘Wyoming an 
Gntelligent and effective administration of the waters: of the Bear River be- 
these two States is being obtained. dads Hid 


illustrate what has been accomplished, consider the authority that 


7 rer given to Mr. David Dean, Water Commissioner of Wyoming, in charge — 
f the regulation and distribution of from the Bear River in the 
i Evanston ‘District. ‘In addition to to authority ‘over the head- “gates located in 
; _ Wyoming, Mr. Dean has been given specific authority by the — 


igh 


a lands situated “Theo tl ditches cover a large area Wyo 


ming lands and have comparatively recent priorities. — Heretofore, in times — 


be _ of shortage of water i in the river, the Wyoming Water Commissioner has | been pe 
powerless to act, and has been forded to see large diversions of water for the 


_ benefit of these recent rights, while rights of many years seniority in both ey 


| Wyoming and Utah have been forced to go without. As a Water Commis- up 


sioner of Wyoming, Mr. Dean had no authority. whatever over the diversions 
3 situated in Utah, Having been , given the power to regulate these diversions, 
he was immediately, placed in a Position to take ‘such | action as might be 


fair and serve > the | proper ‘interests of users of water in 


the irrigation of lands largely situated i in Mr . Dean has been i “aig 


4 


' structed, as Wyoming Commissioner, to allow such quantity of water to = ; 


into the hea ad-g gates of these ditches as the lands irrigated thereunder would 
_ entitled 1 to under. their. priorities, the quantity. of water to be governed ey 


the acreage on which beneficial use is ‘now being made. “On « other streams of | a 


interstate nature between Utah and. ‘Wyoming agreement been had whereby 
. fe water commissioners in the two States co-operate with each other in the admin- 


istration. of st streams in accordance w ith priorities established. This. co-ordi 


dination allows: fair and intelligent administration of these streams where. 


ee no competent system of regulation was operative between the two _ 

Thus, in these a nd other ways, the States of Utah and are work- 


sideration i is | m, the physical facts on ‘th 


consideration, and. oth erwise @ the matter is approac a manner that, w 


4 little exceptio 


statutory enactments by Utah and ‘Wyoming. TOT 


Compact or Treaty Between ‘States. — Te this plan the p paper “Messrs. 


- Hinderlider and Meeker hag been largely devoted and an excellent presentation 


of the subject has been given. The writer wishes to present certain ‘comment 


in regard to the now famous proposed Colorado River “Compact as an 


_ standing example along the line of solution by in 


the Colorado. ‘River Compact, “agreement was sought between the 
‘seven ‘States of the | Colorado River Basin concerning the division and’use 
of | the waters | of the Colorado River and tributaries. No other stream in the 


arid West affects so many States as the Colorado River. Extensive additional me 4 


of water, beyond the ‘important uses now established, “are proposed. 


ry 


“fi "Another ‘element of material importance entering into the’ problem is that of Z 
the necessity of flood-control measures in order to relieve the menace of floo ds 


valleys on the river. Conflict of intere ts between’ States: in 
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adoption of the e treaty plan of solution.. Without an agreement between | 


there i is little ques question but that the river system would be involved in li liti 


ation 1 for 3 years in event. any large additional ‘developments were attempted 
ona any my section of the river. By treaty between States, ‘such as would become _ 


ay effective on the ratification by all the States of the proposed Colorado River 


di Compact, or a ‘modified form of such compact that might be agreed 1 upon, the 
way would be elear for all practical developments that may be proposed. oe 


~The Colorado River ‘question is o one that has been discussed : at length 
various t times and at different places. It may not be amiss, however, to call | 


attention to’ the ‘general physical situation which exists in the water- shed 


of this great river in view of the necessity of compact or agreement between — 7 
States if the problems of the interstate : use at and division of the waters of the 
Colorado are to be properly solved to the best interests éf all Hatties eon- 


ened. ' The ‘speaker, therefore, ‘takes the liberty of the following ‘recital of | 


Colorado River Bait’ the United States naturally 
into two great basins ‘separated | y hundreds of miles of deep | barren canyon 


“th he zd 


ae cutting through h high and rough plateaus. The ‘Upper Basin embraces areas 


¥ i in the four States of Colorado, New ‘Mexico, Utah, and Wyoming, and these 


sl States furnish about: 85% of the flow of the river. “Millions of acres of land > 


ue irrigable in the Upper. Basin, and possibilities exist for r large devel op- : 


irri 
ments of hydro- o-electric power. _ Throughout the canyon region separating tl the 
two basins large power possibilities also exist, although it is impractical ‘to 
divert water. in quantities for. irrigation. _ The Lower Basin | comprises areas 


chiefly in th ‘States of Arizona, California, and. Nevada, supplying only 
about. 15% of the 1 water to the river, but which have extensive possibilities for 4 
the use of water er for. domestic, agricultural, and ‘power purposes. The cagri- 


‘ pn Sm and economic conditions in the Upper and. Lower Basins are entirely a | 
different. Development. of the water supply for the benefit of the. ‘Lower Basin — 
will be much r more apid.than for the Upper Basin. Conflict of interest there- _ 


fore arises between the 1 two basins, and the logical plan of solution is an appor- g 


sande Green River rising in the mountains of Wyoming is ‘one of the most 
important. tributaries of the Colorado River. ' The Little Snake i is ales a ‘Wyom- 


@ 


oe ing tributary. _ These, two streams drain about one-fifth the : area of | Wyoming, - 
and furnish about ut 14% of the total flow of the Colorado ‘River, System. 


Present irrigation from ‘these. ‘streams in Wyoming covers areas ¢ of | 

485 000. acres. Additional, irrigatio 

acres are. _ There is, a wail of 
200 000. acres on _ tributaries of the. Colorado. The develop 


(ments of the future will not be rapid, but, will be none the less desirable as 

projects become feasible. ; Wyoming, therefore, has looked with much: concern 
tony; the proposed large developments on the Lower Colorado River that would | 
establish. priorities to, the use of, water from the ‘river that might: well cause 


an embargo against future in this; x6, 
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EMERSON oN N INTERSTATE WATER 
Sncotion as: 1s: an’ undertaking at the méeting of the League of 


= fat. ‘Through the’ refusal of ‘the ‘State of to ratify the form 
compact agreed to by its representatives on the Colorado River Commis- 
sion, the Compact: has thus far failed to become operative, although ratified 
in its original form by ‘the other six interested States. California has appar- a 
ently taken a a backward step in the matter recently by attaching a _ reservation — ite 
to its ‘ratification of. the Compact: under the six-States plan, when the pro- 
posal was considered by the’ Legislature | to make the» Compact binding 
States of C Jalifornia, Color rado, Nevada, New Mexico, Utah, and Wyoming, — 
regardless of the failure of the ‘State. of Arizona to approve 
However, the fact that necessary enabling legislation to allow consider 
cl “ation, of the matter of the Compact was first passed by all seven States in the 
Colorado Biver Basin and by Congress; that the ‘Tepresentatives 0 of the ‘seven 


accomplishment, whether or not ha Compe ever 

Although falling short of the final mark: the speaker believes that the terms of 

= will be found in the future largely t to; govern the use and division yi 


of the waters of the: Colorado River and, therefore, that much indeed has — 
been accomplished by: this effort to solve the interstate ‘situation on this 
3 Having: vepresinted> Wyoming on ‘on ‘the Colorado ‘River Commission, the 
speaker naturally i is convinced of the merits fairness of the present. proposed 


form of iti is possible certain | modifications 0 or amendments 


is: 


had States before the way will be clear for meri 
torious development of the great water supply i inv volved. It, thesdfdre, be 


as ofthe | of the other fellow and of shied ‘aims and poss 
bilities.’ For ‘the purpose of obtaining first- ‘hand information, it: was the 


eres s pleasure to make a rather comprehensive. trip over the Lower. Colo- 
rado’ River when the question of the Compact first came up for consideration. — 
_ The serious’ flood. menace to the Imperial Valley and other sections on tis | 


lower rivet ‘was made plain; ‘conditions were: noted which witnessed the need 


for conservation of: water for: itrigation, power, industrial, and other uses; 
;3 nd opportunity was given the speaker to inform himself generally concern- 
‘ing the situation the Lower’ Basin’ warranting’ certain developments atan 
a early: date. He wonders whether many of the re representatives. of the States of 
the Lower Basin understand: those conditions in the Upper States that, war- 


tant) the’ insistent attitude for preservation of their natural resources that 
TH, 


‘prompts those States 'to demand an equitable’ agreement in ‘regard to the use 
‘of water ‘River before their can diveint to lower- 
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ing, 
wishes to make brief reference to facts ¢ eoneamiig the State. li 
owe ‘The average traveler passing through Southern Wyoming over the Union 
Railroad, on his journey across ‘country, would obtain: no | con 
of the resources of this great give 


in the industries of 


Land, fences, and | Machinery and Tatts 


The increase shown by these figures of from less than $6 000 000 ete . 

ES re. tions in 1880 to more than $67 000 000 in 1900, and then to the comparatively 

total of more than "$884,000 000 in 1920, demonstrates that Wyoming 

a rapidly _grov 

development is largely dependent on the great natural resource of water sup- 


_ ply. It should | not be handicapped by artificial restrictions t that might. come | 


fo 4,0. 


fo 


on the Lower Colorado. ‘River. For many years, as 

already been stated, Wyoming was seriously handicapped by the 
placed developments from the North Platte River under the ‘suppo- 
sition that the water supply of that river was. not adequate to. take care of. 

further extensions of irrigation in Wyoming. It was finally determined 
ae water supply of the North I Platte was 8 sufficient and that the embargo had 

indeed. been suffered unnecessarily, . No s such repetition in 1 relation to the 

water supply of the Green and Little Snake Rivers is desired as actually did 

ee _ obtain on. the North Platte. Wyoming would welcome: being placed in a 

ve "position whereby support and aid could be given to all legitimate develop- 

i ae ‘ment for the benefit of the ‘States i in the Lower Basin of the Colorado. River. 


d 


favor on large developments 0 on 1 the lower 3 river 7 and in just consideration of 
their own interests , their position must so remain as long as no agreement 


> mah to solve | the questions ¢ that are bound 1 1 to arise in n the future 1 would cer- 


and 


| 


; tainly result i in a waste of much time, energy, , and money by all parties con- 
sae 2s cerned. It is, therefore, to be sincerely hoped that amicable agreement between . 
: the § States. of the Colorado River Basin may finally be reached, whether through 
present proposed Colorado River Compact or through a modification it. 
oe In the matter of interstate compact, engineers should feel called on. + 

take a hearty interest. — The political question of interstate relations seems to ; 


received little attention. engineers devote themselves ‘60 
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clusion of the larger political questions or on n interstate streams ‘that would hand 


st 
of tion. : ‘Tt should ‘be as much ‘the ‘duty of engineers to give | their attention a 


* until the political phases of the matter r receive, intelligent attention and sol a 
and assistance to the solution politic: al questions involved by inter- 


they: will fall ‘far short of the mark of the service that they are in n position ig 


conclusion, to voice | both hope and 


firm conviction that’ ‘the best solutions of interstate water problems will 
come through intelligent conference and amicable agreement. ‘Litigation 

_ “means that decision will need to be made from a mass of testimony, generally — 


conflicting i in the extreme and well flavored. with prejudice throughout. Solu- 
tion through interstate agreements, worked out in harmony through the careful 


consideration of all facts and equities involved, means that justice will be tr 
done as far as humanly practicable to all parties in interest, with 


gr 


greatest saving possible | in time and Engineers as a by ody should 
4 “give ‘their attention to the Political phases of interstate ‘questions without - 


the solution of which | all technical devotions may ‘be largely in vain. 
; ‘profession - ‘take its place as a leader in the solution of these admittedly co com 
plicated and vexing proble 
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STREAM REGULATION “WITH ‘REFERENCE 


vd beviovai IRRIGATION AND POWER Att of 


By Massrs, Epwarp H. Sarcent, W, G. Hoyt, F: F., Barey, Dips, 


O bent 

ood control, 
statement has requently been made that to for the 
i} 


purposes | of power. development and ‘flood ‘control is on 


er round that for flood- control | purposes a. reservoir should at. all. times be 


empty, which condition would destroy its utility for regulation for power ‘pur- 


_ ‘poses. This thought has probably been due to the fact that frequently it is not 

ny feasible to build a storage reservoir ‘a sufficient capacity. adequately to con- 

tol the ‘flow of the water-shed at the dam site. The writer wilk discuss two: 
ve projects with which he is familiar where it was feasible, | principally because of 


the effect on power developments, to build Teservoirs: sufficiently large so that 
their operation f for ‘power purposes toa oa great extent controlled the flood 


ect on Abe them’ fhe No Platte River under thes 
n the preliminary. studies of the so-called Portage Reservoir, made under 


irect R. Freeman, Past-President Am. Soe. ©. it was 
eae planned t to build large orifices in the spillway section of bey dam at such an 


pees basin, the orifices being of aber capacity : as 


. The remaining 
capacity 0 of the ‘reservoir was to be used in stream regulation for power 


ase purposes. At the time the studies were made (1907- -08), only limited stream- 


“that time ¢ daily records of ‘the flow of this 1 river have been, kept. Extended 
Bice mass curve studies of: these records have convinced the writer that practically 4 
all the flood control which would have been obtained under Mr. Freeman’ 3 
plan would be obtained by using the entire reservoir capacity for power regu- 


ge, ; lation, that reserving the top of the reservoir as a retardation basin would have _ 
Bev been equivalent to throwing away that amount of storage which could men : 


oo ‘ae _* This discussion (of the paper by J. C. Stevens, M. Am. Soc. C. H., presented to the 
ss Power Division, Summer Meeting, Salt Lake City, Utah, July 9, 1925, "and published in 
1926, Proceedings) is printed in Proceedings in order that the views yr 


‘brought before all members for further discussion. - 
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SARGENT REGULATION : TRRIGAMION ANE 


‘storage ‘totaled 413 000 acre-ft., acre- per ink 


829% of the average yearly the dam site.’ economics 


of the project made it feasible ‘to ‘develop storage to furnish this’ high degree 
a eontrol which was such ‘that, Gn the ‘period of 1908-24, had the ‘reservoir — 
en for power ‘purposes, only once would ‘the normal ‘of ‘th 


miles” and is the phn of ‘the: radeon’ Rivet, which ‘at 
“center of f gravity’ “power” has water'shed of 2 sq. miles. The 


shed of the Sacandaga River lies in region much higher precipitation than 
ip that of the Genesee’ © River and the Sacandaga Reservoir is being built to have — 
an available capacity of 689 000 acre-ft., is equivalent to 658 acre-ft, 


sq... mile of water- shed, elmost exnetly of the “total run-off ‘in an 


oo Between the dam and the confluence of Sacandaga and Hudson Rivers _ 
there is a fall of 152 ft., which i is now unjérelophd and on the Hudson below ae 


this confluence there is a fall of 548 ft., most of which is now developed. : In 
making the first reservoir it ‘was that, because of com-— 


that this seriously i impair ‘ite for flood control, inasmuch 


- as with 1 power plants immediately below the « dam, water v would have e to be 
releasad from the reservoir when the Hudson River was in flood. It has since 


_ developed th at the power which ¥ will be generated a at the power plants 2 ae 


the storage dam ar and the Hudson River will be transmitted in into the system 


large generating and transmitting companies. These companiés ‘either’ at 
their | own ‘plants on | this and other streams, or at it those plants from which 


a they purchase. enercy, , have available during the s spring high-v water months a 


22! 


surplus of electric so that shutting down the plants situated immedi 


the Hudson Rive?, does impair their usefulness. his ‘condition 


makes it feasible to” operate the ‘reservoir to produce | the best flow possible at 
the “Center of gravity ‘of power” on the ‘Hudson: River and at, the same time 
; ar unnecessary to release water from the 1 ‘reservoir Ww en the ‘Hudson 
River i is at high flow. This regulation will i increase the minimum flow of the. 


Hudson River at the so-called | “center, of gravity of power” from the present 


minimum of 900 sec-ft. to 3 000. sec- -ft., increasing the firm or continuous power 

_ from 8 4.000 h. p. to 160 000 h. p p., on a load- factor basis 0 100° per cent. At 


- the same time, this regulation, which in effect will subtract the ; flood flow from — 


1004 oa. miles, will eliminate most of the damaging floods on the Hudson _ 


iver immediately below its con uence with the Sacandaga River, and largely oe 
_ The eo Haddon. River Regulating District is a 


do those not eliminate 
¢ corporation er reated as an result of an Act of the ‘Legislature which i 


cr 
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1038 SARGENT ON STREAM REGULATION : : IRRIGATION AND POWER 

o the Miami Conservancy . Act. The General Plan ‘of the Dis- 

2 a trict calls for the eventual construction of sixteen storage reservoirs having 
a total eapacity of a 800-000 acre-ft. believed that. these resérvoirs, 
pee although they are to be constructed primarily. for the regulation of the flow 
the ‘Sacandaga and Hudson Rivers and their tributaries for power pur-— 
a poses, will largely prevent floods. on the Hudson River above its confluence 


with the Mohawk River. ow «22209 TOWOI god 


power dam without a flowage area. Engineers are prone to take 
of the well- ‘known -eurves of flood. flows of typical streams a maximum 
16 spillway accordingly. otf the 


— 


project. is that of a 
above the spillway crest would largely reduce. the capacity. 


EFFECT OF STORAGE ON - 


000 
“Miami Flood of 1913 at Taylorsville computed 


TION 


8 60.000 
ra nf 


np 


20.000 
i fern 


For the design of ‘the Sacandaga Reservoir, a flood on 


square- het equal ‘to the Miami flood of 1918, was used | Fig. 11), assum- 


hic geologic condit 
were such 
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the storage the crest of the Sacandaga Reservoir would have 


4 
 S great mitigating effect on the floods of the ‘Hudson River even if the reser- Pe .. 


oir were full at the inception of the floods. For example, the flood of March, an 
1913, would have filled the’ reservoir April 1, on which date the 
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| f7 HUDSON RIVER AT 


Duration Flow v Curves showing 


comparison between Practical 
and Ideal Regulation of. 
Billion Cubic Feetin = {| 
‘Sacandaga Reservoir 
Period June, 1908-May, 1923 
ae 


of the Hudson River was 83, 800 “ft, of which 11 aos seo-ft, from 


4 
id 


Dis- 
ing 
flow — 
— 
= 
aod 
city. 
— 
— 
bin 
eal vitdatle vino ata “a toe . 
i 
bove 
reduced this 11300 sec-ft. to less than 1000 sec-ft., so that the flood flow in i pi 
the Hudson River of 33 800 sec-ft. would have been. reduced to 23 500 sec-ft. aa}. iia 


} 


3 writer issue e:with another g genera 
storage reservoir - operation which assumes variable rates of discharge for each 


dry season, to the end that most of the available storage can be used. each | 
is purely theoretical and cannot be carried out in practice. oIn eon- 
ection with his studies of the ‘Sacandaga. Reservoir ‘hé! has madé extensive. 


om studies of the stream-flow data, a, which are of unusual accuracy and. duretion. A 


Asa ‘a result of these studies, an n_operation. _chart has been prepared, “an appli- 
which over the last eighteen years, >and without the of 


foreknowledge of-st stream flow, | provides what. the writer has called ‘practical q 


regulation,” as opposed to“ “ideal regulation,’ Which assumes foreknowledge 


Weng 


The method of obtaining ‘the chart (Fig- 12) we was as follows: A mass curve 
aoe study was ma é to determine the ‘ “ideal regulation,” that is, the regulated 


flow that could have been mé maiiitained with foreknowledge of stream flow; next, 
from the resulting r egulated-flow mass ‘curve together with the capacity curve 


Bi of the reservoir the elevation ofthe reservoir at 10-day intervals was obtained, 


and these ‘elevations were plotted. as ordinates with corresponding regu- 


“lated flows s.as_abscissas and lines drawn ‘through: theres: resulting points. This 


which has been. “called ‘operation chart,” was then used in con- 


-_junetion with the natural flow mass curve, assuming 10 foreknowledge of 


stream: flow, and after a number o of empirical adjustments “were made the 


nd 


: Recently, a -Teport by a prominent ‘Western 


diagram as shown obtained, This al chart is not. complete and there i is in 
course of preparation “more elaborate chart for the use of the engineer 

‘operate the reservoir, but the chart in its present form has been 
tested w with the stream-flow conditions existing since since 1908, but assuming no ~ 
__ foreknowledge of stream flow. A duration flow curve (Fig. 18) computed a 


such so-called “practical regulation” has been computed and plotted as has also _ 
duration flow curve ‘from. the 80- called ‘ ‘ideal regulation.” shown on 
‘Fig. 18 3 the benefits. from the ‘practical are only slightly less than 


G. Hoy’ T; Assoc. M. Am. Soo. C. E. (by letter). t—Mr. Stevens has dis- 


‘cussed most the many important problems. that must be considered 


in the development of storage of water for power and irrigation, It may be 


of interest to outline the Governmental activit; which is being carried’ on in 
5% the best interests 0 f the West, the work of the U Lited States ne aes Survey 


engineer stated, that within 


1e power 

that: ‘could had and developed from the Tivers ‘of the. Sierra Neyadas in 

“od California. - This statement applies not only to the State of California, with its, 
_ phenomenal growth, but with equal forcé to practically all the Uni ted States 

west of the Mississippi, with perhaps ‘the exception of a narrow strip along 


‘coast in Northern California, Oregon, ‘and Washington, and other great d 


Of waned such as are found a long the Columbia and 


Hydr. Engr., Conservation Branch, U. Geological ‘Survey, “Washington; D. C. 
Received by the Secretary, 1925) O08 ER ods 
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HOYT STREAM REGULATION 

- 4 Colorado Rivers and some of. their principal tributaries. The time limit for 

- this. demand may vary to some extent. in different parts of this great region, — 
inasmuch as many areas | have already been retarded in. development 


_ because of an inadequate: supply: of water, it is hazardous to set the time limit 


‘Af iti is 1 true, therefore, that it the time > is not far d distant when Western water Bix 
resources will be in full demand, it is ‘necessary: to make future development 
with minimum of conflict | between the various uses to which water 
the lands. n needed it in connection with ‘the utilization of water may be put 
Competent agencies functioning singly or in co- ‘operation | should be clothed 
with sufficient power not only to require modification of any project involving 
“the u use of water, as to adapt it it toa ‘comprehionsive : scheme of improvement 
and utilization, but. to require such modification of any other development as 
may be necessary to prevent. material interference with the best use of the ae ; 
water, unless such ‘other development. would be the more valuable to the region ie 
concerned. « exercise of such power should be based of course on vadequate 
information in order ‘to. determine comprehensive plans of development and 

wa Outstanding examples of disastrous. conflicting uses are well known. 
Oregon, two railroads were constructed, at nearly water grade, along an impor- 

ant power stream, where ¢ one at a higher grade could have been constructed | at 
nly a slightly ‘greater cost and would apparently take care of all present and 
probable future transportation requirements. One of these railroads | is, there- 
ore, an added burden on power development. In Idaho, there i is an irrigation 
istriet which must, always meet for pumping water, because 


to make 


=~ 


ta 
on 


ne if, prior dit thee date w when storage becomes a ora 


_ National highway has been | so ‘constructed across the site that the cost of its 3 38 


relocation precludes the 1 use of storage. possibilities, or if the lands have F 
‘passed t to patent without reservation under the Federal Water Power Act. s 
Iti is apparent, , therefore, that not only must development. take place accord: 


ing toa a comprehensive plan, but, further, that before the time for full develop- 
ment is ripe projects of lesser value must not be constructed, that will mate- 


Wass 


Certain steps 2 ‘are to guarantee, ‘in measure at least; that the 
- resources of the National domain will be put to their highest us use. On July 1, 
1924, a total of 6 626 474 acres were embraced in ‘withdrawals and classifica- 
tions ‘relating to water resources. considerable. part of this land is with- 
= from « entry because sit is by. applications for permit ‘or Hicense 
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also this: r available by direct diversion at a | 
non is:kind could be cited ower cost. Man 

lered 

y be 

‘tally interfere with s 
| the 1 such development.” Ihe whole 
ne point of view of the’ problem ‘shou e studie 

er § view that is already well , use of natural resources—a point o 
as in Tecognizéd in th West in: —a point of 

inthe (West im eonndction with the.use | 

tates 

along — 
great — 

by the 8. Geological, — 
gical Survey and f to 


water utilization. It is possible that sc some engineers in their task of inti a 
the West, have been delayed and perhaps been put to a considerable expense 
and annoyance because of these withdrawals. The principle ,involved, how- 
ever, is fundamentally right and the. benefit that will eventually a accrue to the 
western country because of these withdrawals will | far outweigh - any ‘past 


In and administering thes ‘the results of about 6 000 A 


surveys 


= of 17 years, | since the e first slahddeeal of land for power, , which. covered 


17080 acres in Utah. stinps: 0} Jou 
The value of land for the development of water power can not be estimated 


properly on the basis of the present limits to development, but must be’ pel 4 


‘Tea: 


mined by | considering the probable limitations of a future day, when n by rea- 
eae _ son of increased demand and increased value of such power a project that is 
impracticable because of high cost will become ‘thoroughly 
Classifying and administering public. land swith respect to the possibility 
developing water power, it has been “necessary to determine whether the land 


_ might not be more beneficially devoted to the use of water for domestic supply 
f oF irrigation than for power and whether its use for power would be prejudicial — 


to the: other uses at the particular site under consideration or at some other = 


Se? It has also been necessary to estimate in many cases whether the land is 


7 
ng of more value for agriculture, or for a town site, or a manufacturing site than 
fora power site. Such considerations apply especially to lands that may be 


suitable for s storage reservoirs. Where « civic, industrial, or rural a WET 
“ have already been made on a reservoir site they largely control the decision on 


eo _ this point; but the sites which lack such improvements are still ‘numerous. a 


Therefore, the field. of investigation has: beyond the facts of ‘the 


tt 
an Those who have had to deal with these ‘problems have not forgotten that 


human activities ‘embrace many things besides the utilization of water—that 


a community which produces anything must, if its products are of value, have > 
suitable means of transporting them to market. _ Consideration, ‘therefore, 
has been given to the relative usefulness of a piece of land as a ‘power site or 


ere 


s a right of way for a railroad. The bottom of a canyon that is suitable for 
a reservoir may also be an advantageous railroad or highway route. Although | 4 
alternate transportation route can usually be located, the cost ‘of utilizing 


4 


it may be so ‘much greater to. outweigh the advantages that 1 may accrue 


the development of power along the stream. In determining such ques- 
tions it is necessary to appraise the’ relative value and comparative of 

several possible methods of using the land and to choose the course chat is, 

or is likely to become, of the highest human benefit, 
. The classification. of land for water- “power sites, therefore, requires a per- 
spective so broad, and a comprehension of so many variable conditions and 


probable future changes ‘that mistakes ar are re easily made. 
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] HENSHAW ON STREAM REGULATION: IRRIGAT 
“future development according to what. are. believed to be far-sccing 
hensive plans. However, because of constitutional restrictions | many States 
are still disposing of their remaining water resources on the policy, embodied in 
the proverb, “the early bird catches the worm.” 1 This was undoubtedly the best 
_ policy during the first stages of development, but viewed in the pee? of ange 
= conditions it seems ‘erroneous and should be correeter 


to the problems ‘utilization of 't 


resources 1 will demand not | only’ a careful and complete | study of the drainage 

basins, but also the development of a sound economic policy. = 


F, Aw,* M. Am - Soo. O, J letter). t—T he author has diss 


the power . and irrigation demands | and their relation to regulation by 


"storage for the normal streams of the arid and semi- ania West. He has given 


as aumblens six fairly typical -streams having a concentrated fall in their head 
portions that is, utilized for power development and having irrigable 


valley. land at a low level, with storage capacity above the power plants and, eae ms 


a and -debouching into 


| Foaquin Valley, C. 


radically different condition prevails in the Pacific Northwest, where 
in Tertiary times the great Columbia River lava flow inundated like a flood a — 
large: part of Washington, Oregon, Idaho, and Northern California. ‘The 
Cascade Range dates from an more recent epoch, and: adjustments of 
drainage’ during what may be considered a geologic yesterday. 


Another « series of lavas, the, andesites ‘that form the summit, the Cascade 


any extent United States, As a’ réeult:of thie, extensive 

are. in parts of the plateau. area west of ‘the Rocky 

7 - Mountains a topography of extreme youth in which the surface is comparatively — x : 
little distorted. The major’ streams have cut ‘Steep, narrow canyons in the 


borders: of the plateau, but their head- waters flow near its surface. . The later 


formations give rise to. immense springs—some of the greatest i in the 


typical. stream of the lava area is ‘the Deschutes River in 
b Oregon, as mentioned by the author, but the Snake River in Southern Idaho, a, a 
the Klamath h River in Southern Oregon and Northern California, and the ¢* a 
Rogue River in Southwestern Oregon; have “many characteristics in common bs 
| the Deschutes. In the basins of’ all these streams most of the irrigable r 
lands lie at a relatively high level, on the surface of the plateau. . Water 1 must 
| be diverted in | the upper portions of the streams before it has reached the 
deeper. canyons. The power sites are below rather than’ above the sites for 


Dist. Engr., U. 8S. Geological Survey, Portland, Ore. 
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HENSHAW | on ‘STREAM RE REGULATION IRRIGATION AND POWER — 


irrigation diversion. water available for developing power ‘on most of 
streams is augmented by inflow from s springs at points below all possible i 


The Bove of the streams in. their b head- ‘water sections i, in 


= 
the below the point of irrigation diversion is little. affected by the. diver 


When partial storage is, provided i in the, head-water nection; the summer 
augmented, 


ne ca The Snake ‘River 1 may be taken as an example. This great stream is fed 


_ byi immense springs as as. well as byt tributaries that have the usual characteristics 


Tts low- water flow Lewiston, Tdaho, 

th } from 20 000 to 30 000° before extensive 
“progressed “until below the of diversion 
Ber a from the main river to the plateau lands, the river is practically ‘dry each — 
eo Not far from Milner the river plunges over Twin and Shoshone ; 
coe Falls and enters the series of canyons through which it flows to its junction with 


Columbia at Pasco, Wash. Springs discharge large volumes ‘water ‘into 
the: river in this canyon section, and ‘as a ‘result the flow at the 


Pee never been less than 10000 sec- -ft., even in recent years. This quantity. is, 
Storage development has been started ; Jackson Lake and Arrowrock Reser- 


materially the water for irrigation in the Upper Snake 
and Boise Valleys, respectively, but do not appreciably reduce the flow muah ° , 
the lower canyons of the Snake River. The American Falls Reservoir, now 
under construction, together with ‘other proposed storage basins, will 
ably diminish the winter and flood discharges below the irrigated areas. The 
‘4 final result will be to produce during late summer and early autumn a fairly 
uniform flow of large proportions, say, 10000 to 12000 sec-ft, at the ‘mouth 
and to leave available several hundred thousand horse-power, “notably in the 
canyons between ‘Huntington, and ‘Lewiston. The ‘lowest stage 
will continue | no doubt to occur near the end of the | irrigation season. The 
“shortage of power during this time and the peak load’ produced by the require- 
ea ments of ‘irrigation pumping can be met in a measure by power generated 
from! water. released from storage reservoirs, and diverted at lower levels 
from irrigation. The utilization of such double sources: ‘of power may 2 
3 ieee deferred many years; it will probably await the construction of a super-power — 
network of considerable capacity, but it presents important possibilities, 


rr part of its basin and the contrasting extreme ruggedness of the lower part 


The > Fun- “off characteristics harmonize wit with ‘the being uniform 


dae mat River is almost unique in the lack of relief in the upper [ 3 
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DIBBLE on STREA RE ULATION: 


ill ultimately consume > somewhat less than one-half the average annual 


run-off. Upper Klamath Lake, with, area. at low stages of ‘about: 60 000 
geres, presents a a storage basin of large capacity. ont has. been developed to 


“a provide, a controlled range of stage of 7.3 ft.,. storing somewhat more than — ee 
— 600 000 acre-ft. 7 his Tange is limited by the cost of protecting by levees the | ae 
valley: Iands, bordering the lake... Ordinarily, it will be possible to. maintain 


to supplying. all “reasonable jnrigation requixements. Severe ‘shortages 


developing t the ‘power available from water released, from ‘storage in the head- 


water portion of Deschutes River and elsewhere. 


of such a double source of power must await the establishment. of. a aati ‘power 


system. of considerable capacity. to awob od gaittion 
= M. Am. Soe. E- —The importance of: taking care of Hi 


f available water supplies has been mentioned by both Mr. Stevens and Mr 
‘Hoyt, but the time comes when “they are absolutely ‘ ‘extinguished”, _ that is, 


2 far as future development i is concerned. In a great many places, particularly in 


California, it is ‘not realized how f ar that ‘ ‘extinguishment” has | already /Pro- 
ceeded. "Power evelopment in Ca ifornia has had muc publicity that 
av 


comparing the statistics of that State with those of the United States 


awh ole, it has been rather surprising t to learn that, “whereas over a 10- year 


GAG. LO. 295, FU TG TEP 


period the compounded annual increase i 1 power consumption in ‘Qalifornia 


10. 5%, in the United States as a whole it is 11.3 per cent. _ During the 10- year 


ale Reriod“ Californie had lal large ‘increase in ‘population. so ‘that the per capi ita use 


ee “increased at th he ‘compound rate o only (6. 6% per year as against 11. 2% in the | 

whole United States. The power consumption of ‘Southern California dropped 


lower with a per capita increase of 4.3 per cent, This decline. im 
re ‘a of the California power business has undoubtedly been due to difficulty 


in Keeping up with the demand by constructing hydro- electric developments of 


z _ Throughout the world the consumption of. electricity is held, back because So 

follows the deman rather than precedes it. 


generally have not had to search for customers. “They have operated in 


“seller’s market”. There is no good basis for determining to what extent 
ate electricity. would be used in a community if its sale ‘were ‘energeticall ly and 


. ior consistently pushed in | all lines of ‘application. | There is no indication. that 


Int the “territory of ‘the Minidoka Irrigation Idaho (120 


acres and 17 000 population), the per capita consumption of ‘power amounts to 


2800 kw-hr. annually, or four times the average in the U nited States. =) Ith has 

stoppe increasing because temporari it has reac of the 


Compilations Sow ab that Power company managements antici- 


pate that the ‘electrical business will continue to compound at the rate of 11%, 


means that it doubles in less than years. 
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: WOOLLEY ON ST D POWER 
Mr. Woolley’ 's show t that there is often not a great deal of difference 
‘ between. statements that may seem to be contradictory. No. one will accuse — 
the speaker. of lacking interest in electric power and its. application. The fa ult 
_ with Mr. Woolley’s statement is that he has left the time factor out of con-— 
"sideration. Mr. Hoyt carefully included that factor. Already there are a 
of instances—one at American Falls in‘ Idaho and numerous others—_ 
_ where the economies of the situation have demanded the extinguishment’ of 
‘rights : in favor of irrigation. Apparently, the present plan of classifi- 
Rae cation is to look to the future and prevent installations which may be economic 
ae at the moment but which, in the reasonably near future, may have to be 
extinguished to permit 0 of better use of the natural possibilities. The present | 
for } power are ‘making such developments feasible in connection with 
PS irrigation projects where a few years ago they were not economically possible. 7 
Power is becoming: of considerable value in meeting summer peaks s and in 
alah permitting the cutting down of expenditures for fuel: After all, there is ‘no q 


great difference of opinion between engineers on. these questions. 


Woottey, *_Those who are interested in reclamation and 


rigs 


are Lot wanting to support of these various 


oundation on which practically ‘all the permanent communities of the arid 


West were built. Some of these communities are still sole ely dependent a this 
ole 


factor fc for their « existence, ‘while others boast of additional forms of i industry — 

such as mining, manufac uring, ete. Communities supported by irrigated lands P | 
na 


so al are no doubt more ‘stable than those subject to the ups and downs of prosperity 


as : uncommon to other industries, and, for this basic reason, public opinion in 

18 defined certain preferential rights to the use of streams, placin ng 
drrigation superior to all other uses except ‘domestic. 


To those who have given some study to the question of the greatest economic 


There is no question but that agriculture, including irrigation, was the 


7 


of. ‘Western streams, this fact Taises a serious question; namel q 

her or not it is advisable always to sacrifice the use of . a stream for power b 


of irrigation regardless of the relative economic val 1€8 of the two ] 

‘Uses. With - this question in mind this discussion is presented i in the hope that - 
thought may be stimulated ‘among engineers interested and that other opinions © 


may be expressed. ‘It is only a general statement of | a few of the ‘facts which 


must be considered i in arriving at any judicial conclusion. 
Agriculture in the arid West is based on ‘irrigation. Generally speaking 


its future growth i is ‘commonly expressed i in terms. of the ‘total ; run-off of dy 


sy streams. and undeveloped acres without regard to the economic factor in the — q 


problem. ~The recent investigations of the United States Reclamation projects _ 


“disclosed the: fact that “the: ‘reclai roblem is to- -day essentially an 


agricultural and economic problem”. _- Dr. Se ohn 4 ‘Widteoe, one of the mem- 
bers of this Fact-Finding Commission, makes the ‘following statement:+ 
* Hydr, Engr., Water Resources Branch, U. 8. Geological Survey, Salt Lake City, Utah, 
"Proceedings, Am. Soc. E, ‘mares: 1926, Papers” and Discussions, P. 898. 
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‘“Trrigati n is a complex art , involving the application of the best king 


agriculture, especially the among soils, Crops, and water; of 


_ engineering, especially of hydraulics; f rural | economics and sociology ; and 


of the life and response of human being nder the conditions 


“Tt is not surprising that so complex : an art, at this time, when through- wag 


A going changes are reshaping economic and social structures, should | ceeye iw 


a many and serious problems. _ Such problems pertaining to the development of 


irrigation in the West | exist, and must be solved, if the great 
experiment in irrigation | ‘shall become perma nently successful. uid Yet these — 
problems, essential to may be classified very simply 
“1, To establish on every irrigation Project an acceptable economic and 


2. To extend as economic needs demand, the irrigated | area 


em 

t seems “apparent frot 

manently successful only v it 

it should be extended ‘ ‘gradually, as economic demand”. This is the 

point that seems to be entirely overlooked by the irrigationist i in his enthusiasm ‘ 


— to develop, irrigation, the result being that other uses of streams, such as for 


power, are made ‘subject. for all time, to any ¢ and. all future demands for i irriga- oes * 


developments, regardless of their economic “feasibility or the relative 


_Kach stream is an individual and should be considered as such i in 


working out its complete utilization, Those communities: that 
dependent on irrigation, will only. grow to. sthe capacity of their available 
inrigable. acres, and available water supply; and in “many of the communities: 
along the small streams throughout the arid ‘West the limit of such growth — 
already has be been reached under present, irrigation ‘practice. If any further 
a growth of these towns is to take place, it must either be the result of other in- 
dustries: coming in as, for example, manufacturing | and 1 mining, or the mite 
a possibility of i increasing” the ees from irrigation by i improving methods a 
Is it not possible, therefore, to conceive the following conditions in 
ke growth of many ‘Western communities that he have begun with a small nucleus of pile 
"irrigated land. As the community: grew in population it extended its — 
a area, and continued for : many years ‘to supply all the demands of its inhabitants 
q - for a livelihood; finally, the limit of economical irrigation growth was reached 
because the railroad or other transportation agencies brought i in supplies 
foodstuffs 2 more cheaply than the citizens could produce them. ie The community 
_ was fortunate enough to have a good geographical location fo for manufacturing 
industries, raw materials were close at hand, and vast mineral ‘Tesources were 
discovered; the community began to far beyond 4 any- 
y have been expected from its irrigation resources. 
‘Hydro- electric. power was easily. developed, and, accordingly, | industries of 


all kinds were encouraged. As it not conceivable n now w that the curve of een: ek 
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growth based fend at henceforth, point, the com-— 

in an irrigation ‘or “agricultural community, but a 


industrial one? In all ‘this. development ‘power is is the one “important. 
Bes, accordingly i is it not the water power resources that will play 1 the largest part in 


future industry. and agriculture in the arid West? ar BEST al » 
does power development effect agriculture Without going into the 


- details of the different combinations of co- -ordination | of irrigation and power 


4 s of streams and the bassible conflicts in use, itis interesting to note the fol- 


“The of power in modern agriculture has’ been well established. The 


electric current has become the servant of the farmer, by the aid of which one 

-man is enabled to do several times the work that the farmer of old could do. 

The need for power on an \ irrigated farm is as legitimate as the need for | water. 
ee future policy relative to the development of Federal reclamation should | 
keep the power problem in mind. The water users, when they take over a 

project, should be allowed to operate the whole project as a unit, including the 
y _ ‘power plants that may be constructed ; and, further, no reservations should be 
aes made regarding possible power sites, except as to the permament retention of | 
power possibilities for the use of the project population.” 


The California Railroad Commission has statedt tha 


h halt in the State’s hydro- electric, will spell disaster. It 
is the Commission’s firm belief that financially sound utilities, functioning 
economically and efficiently, will successfully carry the burden of California’s 

_ development. It i is obvious, that industrial and agricultural California cannot 
- veach the peak of development. unless there stride, a step in advance, utilities 


ho ad Similar views are continually being expressed i in the technical press. Some 

data, have been published,t showing the relation between kilowatts 


community development: : “Each kilowatt. of. power developed 


makes building of one home, the irrigation 
g ment of one person in an n industry ‘and 1 means 8 $6 000 t to o the community.” 


= 


ae important place i in ‘the utilization of Western streams: It may be a by- -product 
— irrigation, co-ordinate with | it or even’ superior to it. ~ Each project is an 


a individual problem and should be solved according to the economic factors 
involved. Itisa mistake t to impose | such restrictions on power projects: as will 


ae "postpone indefinitely or possibly preclude their development without « a proper 
analysis of the whole proble blem. It would i ndeed be a short “sighted a 


“he "development of the ‘community through irrigation; . Like 


on the. part of the person seeking to ‘ 
obstacle possible in the “way of developing | 


— 


Ya Federal Reclamation by Irrigation (Presidential Message), Senate Doc. No. 92, 68th 


+ Electrical World, ‘October 30, 1920, p. 893. son vas 
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spillway was provided below = top. of ‘reservoir it in that a 


mount ¢ of that storage would b be reserved for 3 flood control at all times. Every 


project must be stated i in accordance with its own characteristics. _ A spillway ia 
that. will dischar rg ge an ‘amount that is not objectionable as a flood below the 


dam, and yet will discharge the water fast that the storage back of it. can 

: be utilized for regulation of the next flood, is is, in principle, exactly, what Mr. id 
reeman ‘proposed. _ Evidently, capacity of his spillway in both cases 


Pic- 
~~ simply to “dispose of the flood ata height at. which it.can be safely. dis- * 


charged, That, differs greatly | with. the characteristics of « each different: 
‘problem. It It differs: greatly with, the ‘manner ¢ of flood discharge of the stream 


jn its natural. state, differs also with. the 3 requirements of f flood. control : 
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aA MEMOIR OF JOHN LYELL HARPER 


ond” MEMOIRS OF DECEASED MEMBERS 


rs" - Norz.—Memoirs will be reproduced in the volumes of Transactions. Any information | 
which will amplify the records_as here printed, or correct any errors, should be TT ened to 


h t rior to the final publication. ca 


roigd HARPER, M. Am. Soc. C. E.* fiw 


importance of hydro- electric ‘Power development, wai 


‘iis broad vision and ability and situated as he was at this dnigmatict | source of 7 
‘power, he was destined to take the lead in an industrial achievement which 
remains unsurpassed anywhere i in the world. At his death he’ was recognized 


as one of the greatest engineering x minds of the age and the famous develop- 


‘ment in the Gorge | below the Falls of Niagara will always, stand as a monu- 
ment to the genius of J ohn Lyell Harper, to teclamitic 
joe ohn Lyell Harper, ‘the ; younger « of the two sons of J oseph F. and Quintilla — 
«XK Harper, was born on a farm in a hilly section of New York State called 
_ Harpersfield, on September 21, 1873. Like most farmers’ ‘sons, he had to work x 
Fs ong; hard hours i in the fields as well 2 as climb the mountain every day to — 
the country school in the next valley ; but the rigors of country life ‘served © 
only to develop | his keen mind and foster i in him a a passionate lo love of Nature ‘f 
which he retained throughout his life. iil. dis 
ON He loved books and applied himself diligently to the pursuit of knowledge, 
; very early showing more than ordinary interest in experimenting with run a 
Ring water. There were plenty of f mountain streams around his home and it 
rie was his special study, with a degree of success beyond his years, to attempt 
to control the powers of ‘Nature, damming up one stream and diverting the 
ui ee course of f another r to turn mills and water- wheels. of his own invention. Thus, 


t his: boyhood was ‘spent and at the age > of twenty he had finished the course of b 
at Stamford Seminary ; whence he his own particular star to 


» Draftsman with 


Oregon Improvement Compens, ‘making designs for the repair and 


of rsa experience included the repair and and testing of motors, transformers, a 4 


a In Tune, 1898, he secured the position of Operating and Construction Engi-_ be 
-neer of the Twin City Rapid Transit Company, of Minneapolis, Minn., and — 
"remained with 1 that Company a year. In this Position | his training was broader — 


a more along the lines in ‘which he was ‘most interested . Among other 
he had a great. deal of experience in designing and 
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Memoirs. J 

stations, | instal ing underground ‘cables, testing water- -wheels, and similar work 


in connection with the operation of the 10 000- h.p. water-power plant of the 
At the end of the year, Mr. Harper t transferred his interests to the firm of | 
Gray and Company and was responsible for. the design of an 
“railway and steam power plant for Mankato, ib 
200 Steadily, he was increasing his experience and his value, and, in 1809, he 
% - his first important position, as Field Representative for Messrs. Floy. y and 
-_ Carpenter, Consulting Engineers, of New York, N. Y., on their project 


a build a hydro- “electric power plant fo for the St. Croix Power ‘Company of Wis: “ 

is 

development which was completed i in three years. tot be 
was the turning point. in career when in 1901 he came 
Buffalo, N. Y., to. represent certain manufacturing and engineering interests 

a at the Pan-American Exposition, for there he got into touch with the Niagara 


Fe alls Hydraulic Power and Manufacturing Company and in 1902 accepte 


a ‘position with that Company a as Assistant to the Engineer, the late Wallace 
f Be: Johnson, M. Am. Soc. 0. E. It was there that his principal work began, a 
and from that time until his death i in 1924, the story of his life is intimately — 


associated with the: history of the development of power from the waters of the 
Niagara River, o BS 2 vail AT “fof 


‘This Company i in “1881 had begun the construction of a power- -house called 
- Station No. 1 for supplying | electric power for commercial beng % In Feb- 


‘ruary, 1902, when Mr. ‘Harper came to Niagara Falls, this p 
of 2000 h.p. and a new power-house called Station No. partly 
constructed, having at that time a capacity of about 20.000 h. ih two years 


4 he became Chief Engineer and prepared plans for the completion of reer 
pores 2 and, in 1904, when this was accomplished, it bere an installed capacity — 


+ Station ‘No. 3 begun, which was ultimately » to have a capacity 0 
-Fr rom that time rapid improvement was made and further plans for the ialiaze 


were under way when, in 1909, the Governments of Canada and 


‘States set a limit to the quantity of water that could legally be diverted for _ 
_ power purposes. Plans already made were earried out, but incentive to omg 
achievement was thus temporarily removed. “orld 


During ‘the World War emergency, the Niagara Falls Power Company, 


_ Hydraulic Power Company, and Oliff Electrical Distributing Company, were 
merged under the name of The Niagara Falls Power Company, owning 


aay. 
he Ameri side and controlling ‘the ‘Canadian. Niagara 
ower Company on the Canadian side. _ The combin ed plants had a total 


“Installed capacity of 350 000 h.p., and it was a fitting tribute to Mr. Harper’s 


vision and ability that! the developments of the consolidated’ companies wer 


placed his” hands as as Chief Engineer, and ‘that, in 1919, the responsibil 
of Vice- President wasadded. jo risen 4 


The shortage: of power was ‘serious i in this’ period and. when the War D 


partm ent for’ most) “economical development for utilizing 
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- These construction plans: were being ‘Tushed t to. completion when: the sign- 
a ing of the Armistice made speed less important; however, the whole 100 000 


hha. was put in operation within’ ‘twenty-two months from the time it was 
authorized. afterward, . ‘the Government of the United States estab- 


wt 


neering plans of The Niagara Falls Power Company. for fifty 
fs ‘years was issued for all the water permitted to ‘be diverted from the American — 


& side of the Falls in | accordance with the terms of the existing treaty, with — 


a the exception of 500 cu. ft. per sec., whi: ch was reserved for diversion through 


no further water was available, the only source of additional “power 


_was'the use of some of the water under’ increased head. Plans accordingly y 


went forward for the construction of Station No. 3- C which was begun in > 


1921, and completed in two’ years. The water for this. Station was 


brought from the upper river under the city in a tunnel 32 ft. in diameter. 
Each of the three units in this plant | has a capacity of 70 000 h.p.—at ‘present, A 


In connection with the N iagara development, Mr. Harper was especially A 
interested in the question of the preserv ation of the scenic beauty of the 
i Cataract in its relation to diversion of water for industrial purposes. For 
the: scientific engineering study of this problem he designed and had built 
Oe the Niagara Falls and Rapids om a scale large enough to’ deter- j 
with Teasonable degree of accuracy the: effect of diversion on 


and 


plans for remedial gh which are necessary to prevent the present ‘rapid 


this subject. sha thus brought his of opinions the results of his research 
108 - Me. Harper found time to interest himself i in chemical and metallurgical — 


research, particularly along the lines of the application in these. industries 


of electric service. He was successful in inventing ng the leper 
furnace, for the commercialization: of w 


j 
also initiated), in 1924 , the organization of the er 


ey 


Taylor, Incorporated, to carry on a consulting: engineering practice in 
4 with his Engineering Staff at the Power ‘Company. taint 
1898, he was ‘married to Linda E. Wheeler, of Ithaca, N. whos with 4 


larper was a man of high ideals and absolute integrity, a loyal ‘friend, s d 


and’ devoted to ‘his family. A lover of ‘Nature and -of the out-of- doots, his = 


chief hobby was ‘the cultivation of flowers and fruits’ were 
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Out: off in prime of and visions for. the 
future, it ‘was some ‘consolation to those who knew him that he lived to see < 


Mr Harper was elected a Member of the American Society of Civil Engi- 


OcroBER 18, 1925. 
OBER 10, Meanatiovits br 


_ Curtis Hill, the son of William Moberly and Ann (Gossett) Hill, was born a 


| 


near, Independence, Mo.,. on September r 4, 1870, on a farm acquired by hi 
_ grandfather, Adam Hill, ‘eho came from Kentucky to Missouri on horsebac 


ind 1830. The Hill family is of sturdy pioneer stock and is one of the. oldest 


in the United States, the first of raaaxc) having emigrated from ‘England 
to America in early Colonial times, of: 20. 


4 _ Curtis Hill’s early education was obtained in the public schools: of Jacks 
County, Missouri, and at ; Woodland College, at Independence. He was some 
‘uated from the University. of Missouri i in 1896 with the degree ‘of Bachelor of 


Science. Civil Engineering,, a year Jater received the degree, 


Mr, Hill’s professional work was connected chiefly with aii. 


4 ways, highway bridges, highways, and | municipal construction. He wasen- 


gaged: as Instrumentman on railroad construction in Mexico i in 1892, prior to aoe 
graduation from. the University of Missouri, and after. leaving Cornell 
University, in 1897, he was employed by the Illinois Central Railroad Com- 


a] 


a few months on track construction. He again in railroad 


work in 1 Company. : 


surveys and. estimates 


Lakes. During the next, two years he was s employed by the. Central Bridge 
of St. Louis, Mo., Desigmer, Contracting Agent, . and Erection 


i , Beginning in October, 1901, Mr. Hill spent almost six years. with. the Sewer — 


Department of ‘St. Louis, eighteen months § as Assistant Engineer | and the re- 
mainder of the time as Engineer. of Sewers. In the latter position. ae 
charge ¢ of all: field surveys, and construction, work pertaining to sewers >the cost 


the work done under his direction. amounting to, about $5 000 


In July, 1907, Mr. Hill, was. appointed State. Highway of Mis- 
i Governor being the, first; to hold that office. Two years later 
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Governor Hadley and remained -imioffice u until his 

-encumbency he did considerable work in connection nm with highway 

construction, laying the foundation extensive ‘development later author-— 


ized by vote of the people. His valuable services in this office were com- 


to a full of ‘the duties! and of his high 
and whose intelligence and lofty vision enabled him to grasp with full appre- 
a ik ciation the mighty pioneer problems which he alone had to solve, this book is 


‘April, 1913, Mr. Hill became City Engineer of Kansas" 
_- the next five years he had charge of a great variety of municipal “con: 
struction aggregating about $10 000 000 in cost, and also made plans for 
, trafficways, and other improvements. 
o the Board 
On June 1, 1918, occurred the caused Mr. Hill to 
incapacitated for the remainder of his life. He was shot in the head by a dis- 
gruntled contractor, a man of violent temper and unsound ‘mentality. ‘Some 
a previously, this contractor had been awarded the contract for the. con-- 
struction of a a small bridge, » which he had failed to complete satisfa actorily. 
Later, he submitted a bid for a Sindh larger bridge, and because of the previous — 
: -—Teoubile « and the fact that the bid seemed to be much too low, Mr. Hill recom- 


mended that the contract be not awarded to him; however, the contractor — 


_ persuaded the Board of Public Works that he could build the bridge properly 
and expeditiously, and he’ was given the work. He was : wholly without experi- 


ence in bridge construction and had no adequate equipment, After aa 

Bo _ worked several months without making any progress, . the Board annulled his , 
contract and gave the work to a responsible and experienced firm. ‘The con- 
& 


tractor was present at the ; meeting of the Board when this action was taken, 


‘and he immediately shot Mr. Hill. 2 aay , st atow 


bea At first it was thought that Mr. Hill’s injury would prove fatal, but after 
undergoing an operation for the removal of a piece of the bullet from the ~-¥ 


acc if he seem ed considerably improved; however, the wound had caused a partial 
amnesia, which he never recovered. He was by the City 


able to occasionally, a few days ata time. Ta ‘April, 
1925, he was pensioned by the City. At this time his health was in ‘such a 
- ik ae critical state that death seemed imminent, but he lived until October 18, 1995. 
‘During the entire period of his illness Mr. Hill 
and accepted his fate without bitterness and with a degree of fortitude that 
On account of his pleasing persona lity, his kindliness, his helpfulness, and 
his fair-mindedness, Mr. Hill was well liked by his associates and respected by 
"every one. He was a man of good intellectual attainments and excellent jude- 
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and possessed. the abil ty to a given situa tuatiol 


and ‘trustworthiness as an engineer public were 


demonstrated by the fact that although he was a lifelong Democrat, he 


retained in office by Republican. officials as readily as if he had belonged to 


i 1899, Mr. ‘Hill was married to F lora, Lewis, of Missoula, Mont., who on 


iting daughter ¢ of a pioneer missionary to the Northwest Territories. ‘Hei is 


A vived by his wife and tw two children, ‘William Moberly Hill, an engineering stu- ur 


dent | in the University « of Missouri, and Elizabeth Hill Gordon. a 
_ He was a member of the Presbyterian Church, the Beta Theta Pi Fra- 


ternity, the Kansas City Engineers’ Club, and was a Thirty- -second Degre 


Me Hill was elected an Associate Member of the American Society of 


Civil Engineers on on = 2, 1901, and a Member on J January 3, 1907. 


Cait Perkins the son of Simon and Grace Ingersoll (Tod) Perkins, 

ate 


born at Akron, Ohio, on | May 7, 1850. His grandfather, Simon Perkins, 


went: to. Ohio from Connecticut in 1800 and settled at Warren, Trumbull 


County, as the Representative of the Western Reserve Li Land "Company. His 
¥ maternal grandfather was J judge Tod, father of Governor David Tod, a an 
2 


Se name among Ohio jurists fifty years 

Ge Mr. Perkins. was educated at at the public schools of Akron and at the Wes 


ern Reserve Academy, at ‘Hudson, Ohio. He also attended ‘Rensselaer Poly- 


* 


rom 1868 to 1870, where he took a special 
“course ta Civil Mining, Engineering. In he at the ‘School of 
“Mines, Columbia University, New York, N. rey 


0 n leaving the School of Mines, Mr. Pelee was appointed Assistant City 


r of ‘Akron and seryne in that capacity y until he he was vas appointed City En- 

f gineer in the summer of 1871, to » which position he was afterward elected, 
Serving. ‘as such until 1877. ” tie work in this connection comprised all kinds 


urveys were 


From to was engaged in private, practice, including ‘ditch, 


wer bridges, and road improvement, but the greater part ‘of. this time was 
pent in the agricultural implement business 


addition to his private practice Mr, Perkins | ‘served as ‘Surveyor and 
Engineer of Summit County, Ohio, from 1883 to 1892, in charge of all County. ie i: 
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MEMOIR oF. HENRY NOMANDE 


Tn 1892, he was. appointed to the official position of Engineer 

Public Works of Ohio, an office created by statute in 1878. As Executive 


- Officer of this: great system of waterways, consisting of about 600 miles of 7 


canals, he ‘served the State faithfully for sixteen years, during which time 


the canal properties under his control proved to be of inestimable value to 


the people, and a distinct and important a asset to the State. itt. 1. 203 tk anise 
oat After his retirement from his official position in 1908, Mr. Perkins engaged 


_ in private practice as a Civil, Hydraulic and Mining Engineer, with an office — 
“ Akron n. E He was a Republican i in L politics ¢ and a party leader in nh Ohio. 
St ‘He was married, in 1880, to ‘May Adams, daughter of Mr. . Frank Adams, a 
prominent manufacturer of Akron, who survives him. 
ae Perkins was elected a Member of the American Society of Civil Engi- 
on Tun une ne 6, 1906. member of the International Association 


Ocroser 31, 1925 wot 


Norlande Rattan born on. “May 21, 1848, ‘at Cobourg, Ont. 
Ca nada, where he received his early education. His parents “were 


Jones and Margaret (Pringle) Ruttan, ‘His ‘grandfather was the Hon. ‘Henry y 


Rattan, formerly Speaker of th e Legisl Assembly of Ontario. 

Wi thout the advantages of a college education or a technical 


Mr. ‘Ruttan | started while quite young in wh at beca me h his life work and pro- 
pet key Beginning i in 1867 on ‘the Engineers’ Staff of the Grand Trunk Bail 
way Company, he had a varied experience for sixteen years in railway work, 


hie? 1869, ‘on Engineers’ Staff, Intercolonial Rai lway Company; 


1870 to 1874, on construction, Intercolonial Railway, and, later, in charge of 
Division | on Baie de Chaleur, including much ‘heavy bridge work; in 1874, 
: on preliminary surveys, Canadian Pacific Railway, north of. ‘La ce ‘Superior; 


from to 1877, in charge ‘of a ‘party locating the line of 
Pacific Railway from the of the. Rocky ‘Mountains, eastward j from 
ou aft 1877 to 1880, Engineer for the Contractor on the construction of the | Canadian 

- Pacific Railway between Lake of the Woods, Ontario, and Winnipeg, Man.; and 


a from 1880 to 1885, designed and built bridges over the Red River at Emerson, q 


Man., over the Assiniboine at Winnipeg. . As ‘Engineer and Contractor = 


_ Mr. Ruttan built the first forty miles ‘of the Man itoba North Western Railway, : 


an was a 


quia held this for -nine years, “Among 


the outstanding features of his” as City Engineer was ‘the, pales and 


construction of ‘the rtesian ell in 1899, when the City purchased 


Memoir prepared by J. Sullivan, M. Soc. C. B., and William Brereton, City 
. 
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from the Assiniboine ‘River. 1898, asphalt plant which 


in 1905, Mr. Rotten was as instrumental the ‘installation a Service 


Water-Works System ‘with a separate ‘distribution system. This” plant 


capable « of pumping 18000000 gal. per 24 hours at 300-Ib. pressure. He alsc 
designed and ‘constructed ‘the’ sewerage system of Winnipeg, a difficult 
‘ when the flatness of the territory is considered. Sy 1906, he made the o 


survey for the hydro-electri¢ system of the City of Winnipeg and, ater, acted 


His success as an feridinber’ a good | example ¢ of what ‘bu ed 
oe hard work combined wi with a ‘good mind. Practically all his spa ire e time was py 
given to teading and self-education, 

In addition to. his engineering achievements, he an enviable military 


record, as follows: He enlisted in the Cobourg Rifle Company « of the 40th 
8 Regiment, Canadian’ Militia, in 1863, and ‘served with that unit for seven a’ 
years. On November 9, 1883, he “was appointed Captain in the 90th Regi- 
* ment (Winnipeg Rifles), and Wiss promoted to the rank of Major on February ate 
a 14, 1887. Subsequently, on December 25, 1895, he was appointed Lieutenant- __ 
ne 


Colonel in command, of the e unit, which command he held until December 27, on 


Oe 


1900 to 1910, ‘Colonel Ruttan was a Reserve Officer, but in April, 
be 1910, he was appointed Lieutenant- Colonel to command the 100th Regiment 


(Winnipeg Grenadiers), , ine which. appointment he remained until. October, 
“Ba when he was selected to command the 20th Infantry Brigade, with which | 3 


addition to his pa Commander of the 20th Infantry Brigade), during 
the World War period. General Ruttan was one of the first officers in Military 
District. No. 10 pass the 1 Militia owe: Fenian Raid be bag eqovine 
4 His war service record is, as follows: F enian Raid, 1866, for which he 

x, received the General Service Medal with one clasp (90th Winnipeg Battalion) ; 

North West Rebellion, 1885, actions at F ish Creek (April 24), and Batoche 
(May 9 to 12), and operations ‘against Chief Big Bear’s Band (June- July), 
which he received a medal with clasp. He was made a Companion « 

the, Order ‘of St. Michael and St. George for services in connection with ‘the: ze 


General ‘Ruttan’s military training developed a manner that was some 


_ what awe-inspiring to the young clerk, but his sense of justice and kindness 


| jeg heart was | such that he was admired and respected by all who | knew him 
=~ ‘He never attempted to shift any responsibility; ‘on ‘the’ contrary, he often 


assumed full personal obligation for the mistakes of his subordinates. 
Bon As is. the ‘case with all publie servants he had adversaries and 


_ were elected to the City Council ; at Winnipeg’ a and even a as Mayor a: as an opponent — 
to General Ruttan on to become his, 
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judgment he displayed in disputed questions 


to do what v was s right as Genera 
utilities, especially those with operating ratio, would not be such 


General Ruttan ds survived by, his. widow, Andrian Ruttan, 1 nee Bar 


-Col.. C. M ‘Ruttan, | Capt. J.D 


Peg; and Mrs. H. L. Wethey, of Neepawa, Man., 


Anew bas ad 
ieee _ General Ruttan was elected a Member of the American Society of (Civil 


Granville Wheaton Shaw, the son of. Theodore Granville. and Matilda 


" Be Sas (Ward) Shaw, was born i in Chillicothe, Ohio, on April 27, 1849. He moved 


to Louisville, Ky. with his parents in 1851, where he resided for the remainder 


4 of his life. His: education’ was obtained ‘the public schools of Louisville 
4 “x with the exception of five years spent in private schools before he reached his 
194 In January, 1868, Mr. Shaw e entered the service of the Louisville; 
= nati and Lexington ‘Railroad Company, then building « a line between La Grange, 
ee Ky., and Cincinnati, Ohio, under the direction of the Chief Engineer, the late 


John, M. Am. Soe. ©. and was engaged ‘as Rodman on loca- | 


tion surveys: as Assistant on the: construction of 


uses, et 


~ 


Carmel, Ill. 1870, he was employed as Assistant Engineer on the 


19 tion of of a bridge. across Licking River, at South Covington, Ky., and in build- g 
ing a railroad from that point through Newport, Ky., to connect with the Ohio q 
River Bridge. He was also employed as Draftsman on a Government survey > 
of the Upper Cumberland River under the late S. T. Abert, M. Am. Soe. C. E.. ¥ 
U. 8. Engineer. In 1872, he was appointed Assistant Engineer « on'the Louis- 


a ville, Cincinnati and 1 Lexington Railroad under General St. John and wa 


i engaged i in 1 the reconstruction of bridges and. ‘surveys for railroad extensions. 


ee rom 1873 to 1875, Mr. Shaw served as Assistant City Engineer of Louis- a 
le, sana the late Thomas P. Shanks, M. Am. Soc. ©. E., in| chines of sewer q 


— In many case 
apparent only pee —_— Eas 
age - municipal forces only in the construction of improvements during the boom — = to , 
ae days of 1905 to 1913, which saved the City of Winnipeg from a condition § ture 
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‘MEMOIR GRANVILLE WHEATON 


on nofa a short- line railroad along the: ‘river front 


Ind., in the employ of Cunningham and Mettesser, manufac 
turers: of glucose, andl for: one season commanded the steamer Vi igo, a Wabash — 


River packet 1 running’ i in 1 the interests of ‘the firm. He also a ‘drain 


on the survey of the of Ohio ) River | with Mr Thomas 
H. McMichael and, in 1879, was in charge of a survey and ‘cross 
Falls of the Ohi River under’ Gen. G. ‘Weitzel, ‘Corps of “Engineers, 
S. A., ‘completing the field work by the end of the year. 


ig dor tee 


hg Early i in 1880, he accepted the position of correspondent foe the ‘Louisville 


ommercial at Frankfort, ‘Ky., during the session of the Kentucky Legislature, 

When the latter adjourned, he was appointed City Editor 
“and remained with that newspaper “until the. fall of 1882, when he. 
Bureau for the Testing of Hydraulic Cement at Louisville ‘From 1883 


\§ 885, hey was engaged i in various surveys and works in connection with th 


Louisville and Portland Canal and the Falls of the Ohio River under the late 
William E. Merrill , Corps of Engineers, U. M. Am. Soe. 


age. B it 
Tn March, 1886, Mr Mr. Shaw accepted ‘position of Assistant Engi- 
| eeinte dean of improving the Falls of the Ohio River, at Louisville, and the 


enlargement of the Louisville and Portland ( Canal, under Maj. Amos Stickney, 


Corps of Engineers, U. U. S.A He also constructed the new river ver wall, began 
7 “the work of enlarging the harbor in front of the | city, and was engaged in 


~ excavating a channel through rock. He remained in this position until De- . 


ml December, 1895, he accepted the position of Chief Clerk in the U. S. 
- Engineer’s Office a at Columbus, Ohio, under the late Brig.-Gen. H. M. Chitten- 

U. S. A. M. Am. Soc. (at that time, Lieutenant, Corps of Engi- 


neers, U. and was engaged i in ‘survey work for ac canal 
‘the | Ohio River. was finished i in 1896. 


a On January 14, 1873, Mr. Shaw was married to Adeline Ofpha Wolford, 


daughter of Henry ‘Wolford, for many years: s City Treasurer of Louisville. 


Mrs. Shaw died on January 1, 1926. son, George Shaw, 


‘Shaw's standards of conduct were high, ‘eepecially when 


‘were involved. whatever work he was assigned he | ‘gave close 
_ attention, and did his duty to the satisfaction of those above him. He was . | 


ber for several years of the Engineers 1 and Architects Club at iene 
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aq - ment and, later, to Missouri to inspect timber. In January, 1897, he was © ee ane 
> ie re-appointed by Capt. J. G. _ Warren, Corps of Engineers, U. S. A. (now =—$ 
a Colonel, U. S. A. (Retired)), M. Am. Soe. C. E., to a position in the i 7 a 3 i 
Be. Engineer Office at Louisville, and again placed in charge of the improvements 4 a 
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became interested in the local: polities. of Louisville, for. which. his’ previous 
under the: as.a reporter for a newspaper 


His sogial life found an outlet in his fondness. for music, ‘especially 


on 
dy when rendered by. male voices, _ These musical activities. were, begun) as, 
Ba young ‘man in church choirs, and were continued i in wider circles until he was | 


beyond fifty years of age. Beginning with a quartet. of, singers ith 
ae a fifth man as leader and pianist, he watched a small organization grow to 
ee become a noted institution i in the musical life of Louisville. _ This mae 9 


of young men had various names—the Arion Club, the Apollo Sih oe. hia 
them he 


ville Male Chorus—and of all of e was President for a time. 
charge of arrangements for public performances and “many other matters no 
‘connecte with actual training for concerts, serenades, — 


mows he P an 


brs Throughout his ‘life, Mr. Shaw was a devoted member of the Protestant 3 
Episcopal Church. 


Mr Shaw was elected a Mert ber of the Me Civil 
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